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Cardiac output and blood pressure normally increase 
with increasing physical activity. ALDOMET does not 
significantly impair normal fluctuations of blood 
pressure during exercise. 


In a recent study of hypertensive patients whose 
cardiovascular response to exercise was evaluated 
before and during methyldopa therapy, *...methyldopa 
significantly reduced the rise in systolic pressure during 
the build-up (P<0.01) and subjective maximal stages 
(P« 0.05) as well as at all phases of recovery (P—0.01)^ 
Moreover, "The total duration of exercise (an index of 


. work capacity) was unchanged with... methyldopa? 


Such findings can be of importance to active hyper- 
tensive patients such as the athletic individual or the 
person whose work requires substantial physical effort. 
For these and many other hypertensive patients, 
ALDOMET represents a logical therapeutic choice. 


With ALDOMET, exercise hypotension rarely occurs. 
Sedation, usually transient, may occur during the initial 
period of therapy or whenever the dose is increased. 
Headache, asthenia, or weakness may be noted as early 
and transient symptoms. 


ALDOMET "offers many 


(METHYLDOPA|MSD) 


Ether important features: 


e Highly effective in all degrees of hypertension. 

* Existing cardiac output is usually maintained. 

*Renal blood flow is usually maintained. 

*Has documented long-term efficacy. 

*Significant adverse effects have been infrequent and 
the agent is usually well tolerated. 


For hypertension — 


. ALDOMET'" The most prescribed nondiuretic antihypertensive in the U; S.C 
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Will an antihypertensive 
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anormal cardiovascular 
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ALDOMET is contraindicated in active hepatic , 
disease, hypersensitivity to the drug, and if previi 
methyldopa therapy has been associated with liv 
disorders. It is important to recognize that a posit ; 
Coombs test, hemolytic anemia, and liver disord 
may occur with methyldopa therapy. The rare 
occurrences of hemolytic anemia or liver disorde 
could lead to potentially fatal complications unlé 
properly recognized and managed. 





pp 56-63. 
2. Mancia G, Ferrari A, Gregorini G, et al: Effects of treat; 
with methyldopa on basal hemodynamics and on neural c 1 
latory control, in Zanchetti A (ed): ALDOMET* (Methyl 
MSD) in Worldwide Clinical Experience, West Point, PA 
Merck Sharp & Dohme, 1979, pp 27-39. 

3. Lee WR, Fox LM, Slotkoff LM: Effects of einn 
therapy on cardiovascular response to exercise. Am Am J Ca 
44:325-328, 1979. 
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TABLETS: 500 mg, 250 mg, and 


ALD OMET WILL» 


"(METHYLDOPA|MSD 


For a brief summary of prescribing 
information, please see following page. 
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For hypertension— 
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.— Contnindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
| Dey Yethyldopa therapy has been associated with liver 
oe disorders (see Warnings); hypersensitivity. 
P- arnings: It is important to recognize that a 
as positive Coombs test, hemolytic anemia, and liver 
. disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
. disorders could lead to potentially fatal complica- 
. tions unless properly recognized and managed. 
ES ae this section carefully to understand these 
E reactions. 
-. With prolonged methyldopa therapy, 10% to 20% of 
.. patients develop a positive direct Coombs test, 
. usually between 6 and 12 months of therapy. Lowest 
a - incidence i is at daily dosage of 1 g or less. This on 
Ej Fare occasions may be associated with hemolytic 
. anemia, which could lead to potentially fatal compli- 
| cations’ One cannot predict which patients with a 
us .. positive direct Coombs test may develop hemolytic 
a S anemia. Prior existence or development of a positive 
L - direct Coombs testis not in itself a contraindication to 
use of methyldopa. If a positive Coombs test 
Be develops during methyldopa therapy, determine 
.' Whether hemolytic anemia exists and whether the 
. positive Coombs test may be a problem. For 
zi . example, in addition to a positive direct Coombs test 
E there is less often a positive indirect Coombs test 
- . which may interfere with cross matching of blood. 
. Atthe start of methyldopa therapy, itis desirable to do 
. à blood count (hematocrit, hemoglobin, or red cell 
. count) for a baseline or to establish whether there is 
E- anemia. Periodic blood counts should be done 
.. during therapy to detect hemolytic anemia. It may be 
= useful to do a direct Coombs test before therapy and 
AN .at 6 and 12 months after the start of therapy. If 
Met — Coombs-positive hemolytic anemia occurs, the 
ee cause may bé methyldopa and the drug should be 
- discontinued. Usually the anemia remits promptly. If 
ad not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
| EA anemia is related to methyldopa, thg drug should not 
d je reinstituted. When methyldopa causes Coombs 
f; - positivity alone or with hemolytic anemiaethe red cell 
RT . is usually coated with gamma globulin of the IgG 
. (gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 
Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indiract 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
posi problems may arise in the major cross 


































match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method, 
serum creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
Causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
Itis important to recognize this phenomenon beforea 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


nondiuretic antihypertensive | 


in the US. today 


lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements; psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear. ) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sore or "black" tongue. pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido, dermatologic reactions including 
eczema and lichenoid eruptions, nfild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or AR a diuretic frequently 
restores effective control. Pa 


tients with impaired : 


renal function may respond to smaller doses. s; 
Syncope in older patients may be related to increased | 
sensitivity and advanced arteriosclerotic d. 


disease; this may be avoided by lower doses 

How Supplied: Tablets, containing 125 mg methyl- * 

dopa each, in bottles of 100; Tablets, containing ' 
250 mg methyldopa each, in single-unit packages of 


100 and bottles of 100 and 100Q Tablets, containing . 


n: mg Ae dr SU in oe: -unit packages of 
100 and bottles of 100 and 5 

For more detailed ected con- M S [5- 
sult your MSD representative or see 
full prescribing information. Merck 
Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 








Ü ForUnresponsive — 
< Brady-Asystolic Arrest 


Your Best Resource Is 
ELECATH 11-KTM1 


For Emergency Transthoracic Pacing 


e Fast, Easy Placement— 
30 to 45 seconds 





Cathode or 
stimulating electrode —————» 


Insulating 
Sleeve 


Anode or indifferent 





electrode ——— 
. M the patient has total cardiac standstill, the likelihood of successfully passing a 
transvenous pacemaker (which is in part flow-directed) into the right ventricle is very small. 
In these cases, a transthoracic pacemaker should be inserted.” p. 28 in The Practice of 
4 Cardiology ed. by Johnson, Haber, and Austen. Little, Brown & Co., 1980. 
a e. e 








LECTRO-CATHETER CORPORATION / $N) mownecoousouan 


00 FELVER COURT, RAHWAY, NEW JERSEY 07065 U.S.A. LECAT iia es 
Em family of precision cardiac catheters for hemodynamic monitoring and temporary pacing. Y 


orthe name of your nearest distributor, call: (800) 526-4243 In N.J. (201) 382-5600 m | 
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yn Hypertension 


Each capsule 

contains 50 mg. of 

Dyrenium® (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 

























see complete prescribing 


Before prescribing, 
Co. literature or PDR. A brief 


information in SK& 
summary follows: 


WARNING. 

This drug is not indicated for initial therapy of 
edemagr hypertension. Edema or hypertension 
requires therapy titrated to the individual. If this 


combination represents the dosage so deter- 
mined, its use may be more convenient in patient 
management. Treatment of hypertension and 
edema is not static, but must be reevaluated as 
conditions in each patient warrant 


Contraindications: Further use in anuria, progres- 
sive renal or hepatic dysfunction. hyperkalemia 
Pre-existing elevated serum potassium. Hypersensi- 
pe to either component or other sulionamide- 
derived drugs 
Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly impaired. 
If supplementary potassium is needed, potassium 
tablets should not be used. Hyperkalemia can occur, 
and has been assogiated with cardiac irregularities. 
It is more likely in tfe severely ill, with urine volume 
less than one liter/day, the elderly and diabetics with 
cted or confirmed renal insufficiency. Period- 
y serum KY levels should be determined. If 
rkalemia develops. substitute a thiazide alone, 
trict K+ intake. Associated widened QRS com- 
x or arrhythmia requires prompt additional 
rapy. Thiazides cross the placental barrier and 
pear in cord blood. Use in pregnancy requires 
ighing anticipated benefits against possible 
ards, including fetal or neonatal jaundice, throm- 





nserve K’ 


+Step 1 usually consists of an initial phase (a diuretic 
alone), a titration phase (dosage adjustment and/or 


addition of a K^ supplement or K+-sparing agent anda 


maintenance phase (a diuretic alone or in combination 
with a K+ supplement or K+-sparing agent) 


bocytopenia, other adverse reactions seen in adults 
Thiazides appear and triamterene may appear in 
breast milk. If their use is essential, the patient should 
stop nursing. Adequate information on use in chil- 
dren is not available. Sensitivity reactions may occur 
in patients with or without a history of allergy or 
bronchial asthma. Possible exacerbation or activa- 
tion of systemic lupus erythematosus has been 
reported with thiazide diuretics 


Precautions: Do periodic serum electrolyte deter- 
minations (particularly important in patients vomiting 
excessively or receiving parenteral fluids). Periodic 
BUN and serum creatinine determinations should be 
made, especially in the elderly, diabetics or those 
with suspected or confirmed renal insufficiency 
Watch for signs of impending coma in severe liver 
disease. If spironolactone is used concomitantly, 
determine serum K+ frequently; both can cause K+ 
retention and elevated serum K+. Two deaths have 
been reported with such concomitant therapy (in 
one, recommended dosage was exceeded, in the 
other serum electrolytes were not properly moni- 
tored). Observe regularly for possible blood 
dyscrasias, liver damage, other idiosyncratic re- 
actions. Blood dyscrasias have been reported in 
patients receiving triamterene, and leukopenia, 
thrombocytopenia, agranulocytosis, and aplastic 
anemia have been reported with thiazides. Triam- 
terene is a weak folic acid antagonist. Do periodic 
blood studies in cirrhotics with splenomegaly. Anti- 
hypertensive effect may be enhanced in post- 
sympathectomy' patients. Use cautiously in surgical 

atients. The following may occur: transientelevated 

UN or creatinine or both, hyperglycemia and 
glycosuria (diabetic insulin requirements may be 
altered), hyperuricemia and gout, digitalis intoxica- 
tion (in hypokalemia), decreasing alkali reserve with 


Serum K* and BUN should be checked periodically (see Warnings). 


possible metabolic acidosis. Dyazide interferes with 
fluorescent measurement of quinidine. Hypo- 
kalemia, although uncommon, has been reported. 
Corrective measures should be instituted cautiously 
and serum potassium levels determined. Discon- 
tinue corrective measures and Dyazide’ should 
laboratory values reveal elevated serum potassium. 
Chloride deficit may occur as well as dilutional 
hyponatremia. Serum PBI levels may decrease with- . 
out signs of thyroid disturbance. Calcium excretion 
is decreased by thiazides. Dyazide should be with- 
drawn before conducting tests for parathyroid 
function 


Diuretics reduce renal clearance of lithium and 
increase the risk of lithium toxicity. 

Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis, rash, 
urticaria, photosensitivity, purpura, other dermat- 
ological cofditions; nausea and vomiting, diarrhea, 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, pan- 
creatitis, xanthopsia and, rarely, allergic pneumo- 
nitis have occurred with thiazides alone. Triamterene 
has been found in renal stones in association with 
other usual calculus components. 


Supplied: Bottles of 1000 capsules; Single Unit 
Packages (unit-dose) of 100 (intended for institu- 
tional use only); in Patient-Pak™ unit-of-use bottles 


of 100. 
SIKS&F 
a SmithKime 


QSK&F Co., 1980 
Carolina, P.R. 0063 
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CLINICAL STUDIES 


Left Ventricular Filling in Differentiating Restrictive Amyloid 
Cardiomyopathy and Constrictive Pericarditis. Theodore |. 


` Tyberg, Allan V. N. Goodyer, Victor W. Hurst Ill, Jonathan Alex- 


ander and Rene A. Langou 


Effects of Exercise Training on Left Ventricular Performance 
and Myocardial Perfusion in Patients With Coronary Artery 
Disease. Mario S. Verani, G. Harley Hartung, Jean Hoepfel-Harris, 
David E. Welton, Craig M. Pratt and Richard R. Miller with the 
technical assistance of Leslie A. Del Ventura 


Radionuclide Angiographic Assessment of Left Ventricular 
Function During Exercise in Patients With a Severely Reduced 
Ejection Fraction. W. Lawrence Schoolmeester, Allan G. 
Simpson, 8. J. Sauerbrunn and Ross D. Fletcher 


Coronary Arterial Lesions in Young Men Who Survived a First 
Myocardial Infarction: Clinical and Electrocardiographic Pre- 
dictors of Triple Vessel Disease. Johan Vanhaecke, Jan Pies- 
sens, Jos L. Willems and Hilaire De Geest 


Randomized Controlled Trial of Intraaortic Balloon Counter- 
pulsation in Early Myocardial Infarction With Acute Heart 
Failure. Michael F. O'Rourke, Robin M. Norris, Terence J. 
Campbell, Victor P. Chang and Neville L. Sammel 


Long-Term Results of Open Radical Mitral Commissurotomy: 
Ten Year Follow-Up Study of 202 Patients. Ronald |. Gross, 
Joseph N. Cunningham, Jr., Steven L. Snively, Frank P. Catinella, 
Ira M. Nathan, Peter X. Adams and Frank C. Spencer 


Preoperative Factors Affecting the Outcome of Isolated Mitral 
Valve Replacement: A 10 Year Review. Anthony J. Dalby, Brian 
G. Firth and Robert Forman 


EXPERIMENTAL STUDIES 


Prostacyclin in Experimental Myocardial Ischemia: Effects on 
Hemodynamics, Regional Myocardial Blood Flow, Infarct Size 
and Mortality. Lair G. T. Ribeiro, Tedd A. Brandon, D. Gregg 
Hopkins, Lawrence A. Reduto, Addison A. Taylor and Richard 
R. Miller 


Influence of Sulfinpyrazone and Naproxen on Infarct Size in the 
Dog. Roberto Bolli, Robert E. Goldstein, Nancy Davenport and 
Stephen E. Epstein 


Sulfinpyrazone and Aspirin Increase Epicardial Coronary 
Collateral Flow in Dogs. Nancy Davenport, Robert E. Goldstein, 
Norine Capurro, Lewis C. Lipson, Robert O. Bonow, N. Raphael 
Shulman and Stephen E. Epstein 


Comparative Right and Left Ventricular Volumes and Pump 
Function in the Newborn Lamb. Harold G. Erath, Jr., Thomas P. 
Graham, Jr., Clyde W. Smith, Sandra L. Thompson and John W. 
Hammon 


METHODS 


Exercise-Induced Regional Wall Motion Abnormalities on Ra- 
dionuclide Angiography. Lack of Reliability for Detection of 
Coronary Artery Disease in the Presence of Valvular Heart 
Disease. Harvey S. Hecht and James M. Hopkins 


Quantitative Two Dimensional Echocardiography During Bi- 
cycle Exercise*in Normal Subjects. Werner Zwehl, Pascal 
Gueret, Samuel Meerbaum, Dianne Holt and Eliot Corday 

Left Ventricular Thrombi: In Vivo Detection by Indium- 111 
Platelet Imaging and Two Dimensional Echocardiography. John 
R. Stratton, James L. Ritchie, Glen W. Hamilton, Karl E. Ham- 
mermeister and Laurence A. Harker 


Indiurn-111 Platelet Imaging for Detection of Platelet Deposition 
in Abdominal Aneurysms and Prosthetic Arterial Grafts. James 
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L. Ritchie, John R. Stratton, Brian Thiele, Glen W. Hamilton, Linda 
N. Warrick, Thomas W. Huang and Laurence A. Harker 


Cineangiography in the Diagnosis of Aortic Dissection. Joaquin 
G. Arciniegas, Benigno Soto, William C. Little and Silvio E. 
Papapietro 


REPORTS ON THERAPY 


Mexiletine for Ventricular Arrhythmias. Philip J. Podrid and 
Bernard Lown 


Patient-Activated Transvenous Cardiac Stimulation for the 
Treatment of Supraventricular and Ventricular Tachycardia. 
Geoffrey O. Hartzler, David R. Holmes, Jr. and Michael J. Os- 
born 


Reassessment of Vasodilator Therapy in Angina: Effects of Oral 
Isosorbide Dinitrate and Hydralazine on Exercise Tolerance 
in Patients Receiving Propranolol. Gail G. Turner, E. Kenneth 
Weir, Elliot Chesler and Gordon L. Pierpont 


Influence of Severity of Ventricular Dysfunction on Hemody- 
namic Responses to Intravenously Administered Verapamil 
in Ischemic Heart Disease. Christopher Y. C. Chew, Harvey S. 
Hecht, John T. Collett, Russell G. McAllister and Bramah N. 
Singh 

Efficacy of Coronary Artery Bypass Grafting in Elderly Patients 
With Coronary Artery Disease. William S. Knapp, John S. 
Douglas, Jr., Joseph M. Craver, Ellis L. Jones, Spencer B. King 
Ill, David K. Bone, James M. Bradford and Charles R. Hatcher, 
Jr. 


EPIDEMIOLOGY 


Comparative Features of Newly Acquired Left and Right Bundle 
Branch Block in the General Population: The Framingham 
Study. John F. Schneider, H. Emerson Thomas, Jr., Paul Sorlie, 
Bernard E. Kreger, Patricia M. McNamara and William B. 
Kannel 


SEMINAR ON CARDIOVASCULAR FUNCTION IN 
RESPIRATORY FAILURE —II. 

Richard A. Matthay and Lawrence D. H. Wood, Guest 
Editors. 


Cardiovascular Disturbances in Chronic Respiratory Insuffi- 
ciency. James L. Robotham 


Noninvasive Radiographic Assessment of Cardiovascular 
Function in Acute and Chronic Respiratory Failure. Harvey J. 
Berger and Richard A. Matthay 


Cardiovascular Management in Acute Hypoxemic Respiratory 
Failure. Lawrence D. H. Wood and Richard M. Prewitt ` 


DIAGNOSTIC SHELF : 


Coronary Arteriography and Atrial Thrombosis in Mitral Valve 
Disease. Thierry Colman, José L. M. de Ubago, Alvaro Figueroa, 
José L. Pomar, Ignacio Gallo, Carlos Mortera, Antonio Pajarón 
and Carlos M. G. Durán 


CASE REPORT 


Abnormal Regional Myocardial Flow in Myocardial Bridging 
of the Left Anterior Descending Coronary Artery. Augusto D. 
Pichard, Pablo Casanegra, Eugenia Marchant and Jose Antonio 
Rodriguez 
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No matter 
how close 


The original dipyridamole. 


wouldnt you 
rather have the 


original? 








dipyridamole 








INDICATIONS— Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows 






"Possibly" effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 
frequency or eliminate anginal episodes, improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginal attack 











Final classification of the less-than-effective indica- 
tigns requires further investigation 





CONTRAINDICATIONS— No specific 
contraindications are known 


PRECAUTIONS—Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No 
5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain eusceptible in- 
dividuals. The incidence of sensitivity 

is generally low, but frequently seen in 
patients with aspirin hypersensitivity 


ADVERSE REACTIONS Adverse reac- 


tions are minimal and transient at 


recommended dosages. Instances of 
headache, dizziness, nausea, flushing 
weakness or syncope, mild gastroin- 
testinal distress and skin rash have been 
noted during therapy. Rare cases of 
what appeared to be an aggravation of 
angina pectoris have been reported 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms 


DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 


Lee Boltin/Metropolitan Museum of Art 


@) 


d 
three times a day, taken at least one 
hour before meals. In some cases 
higher doses may be necessary but a 
significantly increased incidence of side 
effects is associated with increased 
dosage. Clinical response may not be 
evident before the second or third 
month of continuous therapy 


Tablets of 25 mg and 75 mg 


For complete details, please see the full 


prescribing information 


Boehringer Ingelheim Ltd ; - Med 


Ridgefield, CT 06877 
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For patients who need K CI- 
one sparkles bright: 


KLORVESS 
EFFERVESCENT _ 


Each packet (2.8 g) provides 20 mEq each 
of potassium and chloride supplied by 
potassium chloride 1.125 g, potassium a 
| bicarbonate 0.5 g, and L-lysine mono- 
hydrochloride 0,913 g. 


offer 
SPNRKEING 


F PET 
DISSOLUTION 


oè ready in seconds instead of minutes | 
— fast dissolution so unique it’s patented* 


pleasant citrus flavor 


® each packet delivers 20 mEq of potassium 
and chloride 


. easily carried in patient's pocket or purse 


>» can be mixed with water or other liquid for 
pleasant daily dosage 


® sugar, sodium, carbohydrate and dye free 


Give your patients the KLORVESS pene 


Please see brief summary of prescribing information on adjoining page. 


U.S. P No. 4,093,710 


ev Laboratories/Division of Sandoz. inc. 
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the KLORVESS sparkle 


Klorvess? Effervescent Granules and 
Klorvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: K/orvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate O.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescent formulation. Dissolution of the packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 1095 Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 195. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: Inresponse toarise in the concentration of body 
potassium, renal excretion ofthe ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
Granules: Adults— One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 10% Liquid: Adults—One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. . 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under "Contraindications" Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: K/orvess Effervescent Granules — packages of 
30 packets (2.8 g each). Klorvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: K/orvess Effervescent 
Granules— packages of 1000 packets; K/orvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 ml Unit- 
Dose bottles. 


(For complete details, please consult full prescribing information) 
^ 


Division of Sandoz, Inc. 
LINCOLN, NEBRASKA 68501 
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THE INDERAL PROMISE: FEW/ER ANGINA, ATTACKS 


(PROPRANOLOL HCl) 





SOMETIMES NONE. 


The dread of pain. The dread of being. 
hospitalized. The dread of a limited future. 
That's what angina means to your patient. But 
with INDERAL, the outlook can brighten. 


Inderal: A logical first step. When 
nitroglycerin and other conventional measures 
are inadequate, add INDERAL. It counters 
the anginal hemodynamics. Right at the start, 
INDERAL diminishes catecholamine-induced 
rise in heart rate and systolic blood pressure. 
Reduces myocardial oxygen demand. And 
brings O, supply and demand into more 
favorable balance. 3 


Inderal: The logic of using it first. 
Consider these well-documented benefits... 
Fewer angina attacks—sometimes even none. 
Less need for nitroglycerin—sometimes no 
need at all. And greater tolerance for exercise 
...greater freedom of action for your patient. 


(PROPRANOLOL HC) 


INANGINA 


PROPHYLAXIS: | 
A LOGICAL CHOKE 


INDERAL is contraindicated in patients with 

bronchial asthma, allergic rhinitis, congestive 

heart failure, sinus bradycardia, and greater 

than first degree heart block. Abrupt with- 

drawal should be avoided. 

Please see brief summary of prescribing 

information on the following page. P 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal? BRAND OF PROPRANOLOL HYDROCHLORIDE A beta-adrenergic blocking agent 















































| BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
. | SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 

_ ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
| THIS DRUG. 

x CONTRAINDICATIONS 

E DERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season; 
3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
i nless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) in patients on 
"adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 
~ week withdrawal period from such drugs 

P WARNINGS 
— CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
y tion in congestive heart failure, and inhibition with beta-blockade always carries the potential 
-hazard of further depressing myocardial contractility and precipitating cardiac failure. 
_ INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
_ (Le, that of supporting the strength of myocardial contractions). In patients already receiving 
— digitalis, the positive inotropic action of digitalis may be reduced by INDERALs negative inotrop- 
ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction. 
— IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continuec depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 
ir np ending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
'response observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
"being controlled, patients should be maintained on combined therapy and the patient closely 
followed until threat of cardiac failure is over. 


wv IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina 
| and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 
| therapy. Therefore, when discontinuance of INDERAL is planned the dosage should be 
| gradually reduced and the patient carefully monitored. In addition, when INDERAL 
is prescribed for angina pectoris, the patient should be cautioned against interruption or 
cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 
-| and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
| and take other measures appropriate for the management of unstable angina pectoris. 
| Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
—] advice in patients considered at risk of having occult atherosclerotic heart disease, 
| who are given propranolol for other indications. 


— — INPATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
‘not been adequately appraised. Special consideration should be given tc propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
, (di ig or continuing hyperthyroidism or complications and give a false impression of improvement. 

É herefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
— —of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
— slowly. Propranolól does not distort thyroid function tests. 

—— — INPATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 

- ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol. 
IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function.ebeta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
X occurring during anesthesia, E 
IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
— heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 

a INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
—  physiologic effects are gone according to available evidence. However, in case of emergency 
... Surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its'effects can be 
—. reversed by administration of such agents, e.g., isoproterenol or levarterenol. However, 

i such patients may be subject to protracted severe hypotension. Difficulty in restarting and 
— — maintaining the heart beat has also been reported. 

zi IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
IP EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila- 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
ivity, INDERAL may prevent the appearance of premonitory signs and symptoms 
nd pressure changes) of acute hypoglycemia. This is especially important to keep 

atients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
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cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in anima! studies at doses about 10 times the maximum recom- 


mended human dose. PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The acded catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic nervous activity. Occasionally, 
the pharmacologic activity of INDERAL mey produce hypotension and/or marked bradycardia 
resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 


or hepatic function. ADVERSE REACTIONS 
Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypotension, 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, lassi- 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, consti- 
pation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, ser- 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been conclu- 
sively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 

The dosage range for INDERAL is different for each indication. 
ORAL 

ANGINA PECTORIS— Dosage must be individualized. Starting with 10-20 mg three or four 
times daily, before meals and at bedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response ‘s obtained. Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 
established. 

If treatment is to be discontinued, reduce dosage gradually over a period of several weeks. 


(See WARNINGS.) N " 
PEDIATRIC DOSAGE S 

At this time the data on the use of the drugin this age group are too limited to permit ade- 
quate directions for use. B 


OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING MEA- 
SURES SHOULD BE EMPLOYED: 
BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 
CARDIAC FAILURE —DIGITALIZATION AND DIURETICS 
HYPOTENSION— VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 
BRONCHOSPASM— ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 
HOW SUPPLIED 
TABLETS INDERAL (propranolol hydrochioride) 
No. 461— Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100. 
No. 462— Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 and 
1.000. Also in unit dose package of 100. 
No. 464— Each scored tablet contains 40 mg of propranolol hydrochlorede, in bottles of 100 and 
1,000. Also in unit dose package of 100. 
No. 468— Each scored tablet contains 80 mg of propranblol hydrochloride, in bottles of 100 — 
1.000. Also in unit dose package of 100. 
INJECTABLE 


No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The p ; 
adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. ^ 
Ayerst. AYERST LABORATORIES à 
New York, N.Y. 10017 * 74h38 ^ 
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artery disease. 


a routine X-ray 


able to capture the heart at end diastole and 
end systole during a single cardiac.cycle by 
using ECG-gating. The result is a precise 
image that can be used to measure and 
evaluate abnormal heart wall motion, valvu- 
















































N lar defects and shunts. 
Unlike Roentgenkymography, IRS is 
highly sensitive, highly specific and exposes 
i the patient to no additional radiation. 
; WHERE IS IT USED? 
b Brattle’s IRS is already in use in hospitals 
à and doctors' offices, where it can dramati- 
: cally increase the information content of 
A routine x-rays at very little cost. 
x In addition to screening, it provides 
` . physicians with a simple, non- 
: invasive method for p 
monitoring patients dur-M "= 
ing follow-up examina- } 
tion or ECG stress 
This IRS x-ray shows an asynergistic contraction. Systolic testing, 
ilustrating normal motion in the basal segment ryporine. -WANT TO LEARN 
sis in the lateral wall and paradoxical motion in the apex. MORE? 
Now there is a simple, accurate technique [nne o ii 
for observing and quantifying ventricular wall P ae a e M | 
motion abnormalities: the InterGated"  fédiogiaphi Sistem: STA E A | 
Radiography System (| RS), from Brattle. | ries contact me to asl me some WENN X-rays. | 
IRS works with existing x-ray equipment, Specialty — 
involves no major investment, and requires | Hospital 
4  nospecial.training to use. : sid e ECT : 
pee HOW DOES IT WORK? P aeg | 
| 


Brattle Instrument Corporation 
243-C Vassar St., Cambridge, MA 02139 | 


T Brattle’s IRS produces a serrated cardiac (617) 661-0300, TWX 710-32 


B Jimage showing heart motion. ThelRSis — Li —— —————-—-—-— 
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810 Coronary Arterial Lesions in Young Men Who Survived a First Myocardial Infarction: Clinical and 
Electrocardiographic Predictors of Triple Vessel Disease 


JOHAN VANHAECKE, JAN PIESSENS, JOS L. WILLEMS and HILAIRE De GEEST 


This provocative analysis of the clinical and electrocardiographic prognostic determinants of multiple vessel dis- 
ease in 100 male survivors of a myocardial infarction under 45 years of age reveals that only 74 percent were 
correctly classified by a discriminant function analysis as to the number of coronary arteries involved. A high 
number of asymptomatic patients (29 of 59) had multiple vessel disease. The likelihood of multiple vessel dis- 
ease is greater in survivors of inferior infarction than in those with anterior infarction, probably because of the 
greater mortality among those with anterior wall infarction. For prognostic reasons coronary arteriography 
seems warranted in young patients after acute myocardial infarction to assess the extent and severity of ather- 
omatous lesions even in the absence of residual angina or multiple risk factors. 


Randomized Controlled Trial of Intraaortic Balloon Counterpulsation in Early Myocardial Infarction 
With Acute Heart Failure 


MICHAEL F. O'ROURKE, ROBIN M. NORRIS, TERENCE J. CAMPBELL, VICTOR P. CHANG and 
NEVILLE L. SAMMEL 


In a control group of 16 patients with acute transmural myocardial infarction complicated by acute heart failure, 
intraaortic balloon counterpulsation therapy did not appear to modify infarct size or to alter morbidity or mortality 
when initiated as primary therapy 4.8 and 13.7 hours after the onset of symptoms in another similar group of 14 
subjects treated with standard modes of therapy. The peak creatine kinase level was 1,794 + 846 IU/liter in pa- 
tients receiving counterpulsation compared with 1,688 + 908 for those on standard therapy. Despite these re- 
sults the investigators remain convinced that counterpulsation has a role in management of myocardial infarc- 
tion and plan a similar clinical study in patients treated within the first 4 hours after the onset of symptoms of in- 
farction and in patients with continuing ischemic pain and apparent "'stuttering"" infarction after the acute 
event. 


Long-Term Results of Open Radical Mitral Commissurotomy: Ten Year Follow-Up Study of 202 
Patients 


RONALD |. GROSS, JOSEPH N. CUNNINGHAM, Jr., STEVEN L. SNIVELY, FRANK P. CATINELLA, 
IRA M. NATHAN, PETER X. ADAMS and FRANK C. SPENCER 


Surgical results in 202 patients undergoing open radical mitral commissurotomy for mitral stenosis between 
1967 and 1978 indicate that this method is safe for relieving valve obstruction. It allows removal of atrial throm- 
bus and oversewing of the left atrial appendage, which may reduce the possibility of significant postoperative 
embolic events. The operative mortality rate was 1.7 percent and the long-term mortality rate 2.5 percent. The 
5 year complication-free survival rate (75 percent) in this group was significantly less than that (87 percent) in 
patients without residual valve dysfunction. Twenty percent of all patients had left atrial thrombus at the time of 


commissurotomy. Twelve patients (6 percent) required subsequent mitral valve replacement because of failure ‘ 
of open mitral commissurotomy to correct permanently the underlying valve dysfunction. The annual incidence: 


rate of postoperative embolic phenomena of 0.3 percent contrasted sharply with the preoperative incidence rate 
of about 25 percent. 


. 826 Preoperative Factors Affecting the Outcome of Isolated Mitral Valve Replacement: A 10 Year Review 


ANTHONY J. DALBY, BRIAN G. FIRTH and ROBERT FORMAN 


Using actuarial methods to analyze preoperative factors on operative and late mortality and the rate of thrombo- 
embolism in 545 patients after isolated mitral valve replacement, these investigators conclude that patients with 
a large cardiothoracic ratio, large left atrium or poor hemodynamic status have a reduced operative survival. 
They recommend that such patients should be managed carefully in the perioperative period because their late 
postoperative survival is not significantly different from that of patients without these derangements. Type of 
prosthetic valve and the adequacy of anticoagulant therapy may be more important determinants of thromboem- 
bolic events after mitral valve replacement than are preoperative factors. The rate of thromboembolism did not 
differ significantly in patients who received a porcine heterograft or mechanical prosthesis. The patients’ age 
at operation did not influence survival either at operation or within the first 3 years. 
continued on page A23 
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Relax with a cup of good tasting Sanka' Brand 
Decaffeinated Coffee—on us. Just fill out and mail 
the attacHed coupon, and you'll see for yourself why 
patients who are bothered by too much caffeine 
will enjoy Sanka' Brand so much. 

Sanka’ Brand tastes good because its 10096 real 
coffee. It is non-stimulating because its 9796 
caffeine-free. Each cup of Sanka’ Brand contains just 
a fraction of the caffeine found in an equivalent cup 
of regular coffee. Thats why it does not exacerbate 
your patients underlying hypertension, anxiety, 
insomnia or cardiac condition. 


 Sanka 


BRAND 
DECAFFEINATED COFFEE 


97% CAFFEINE-FREE, 100% REAL COFFEE 
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For your FREE jar, 
please complete 
and mail the 
coupon. 


Maxwell House Division 
General Foods Corporation 
Box #3243 

Kankakee, Illinois 60901 


E 
Please send me a special coupon for a FREE jar 


of Sanka" Brand Freeze-Dried Decaffeinated Coffee, and a FREE kit 
with Patient Sample Folders. 


PHYSICIAN'S NAME 

(please print) 
SPECIALTY: []GP/FP OIM ODO OCard [Gastro 
[]Psych []OBG [O Other (please specify) 





OFFICE ADDRESS. 


(please print) 


CITY STATE LIP —RH 





PHYSICIAN'S SIGNATURE 





Offer void where prohibited, taxed or otherwise restricted. Allow 6-8 wee 
processing. General Foods Corp., East Court Street, Kankakee, Illinois 6090 
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4 Powerful advances in 
stress system capabilities 
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from the leader in Holter technology. 


Ten minutes of stress testing could be the 
key to your patient's life. Now, a break- 
through in stress technology from ICR en- 
ables you to find out more from those ten 
minutes than ever before possible. 

Heres how. 


More display data allows 
physician to make a 
better informed diagnosis. 


With the ICR 
Documentor, you 
can get more 
perspectives on 
your patient's 
condition faster 
and more easily 
with a compre- 
hensive selection 
of display data. One display presents up to 
four trends simultaneously. The other display 
shows (and freezes) your choice of one to 
twelve continuous ECG wave forms, plus nu- 
merical data and averaged wave configura- 
tions. 





Meaningful report 
information in your 
selection of formats. 


The ICR Documentor lets you 
select the information and report 
format most meaningful to your di- 
agnosis. Its unique microprocessor design 
gives it enormous power in generating a wide 
variety of information, and unsurpassed flex- 


ibility of report formats. 


! 











Complete programming 
from pre-exercise 
to report. 


The ICR Documentor is the first 
stress system to give you complete 
programming ability over every 
phase of the test, including: pre-test proce- 
dures, treadmill protocol, recovery proce- 
dures, and display and report information. 
The Documentor saves time and paperwork 
and allows you to concentrate on the more 
critical aspects of the test. 


Three-button — 

operation simplicity. 
The Documentor can easily be pro- 
grammed to store a wide variety of 
procedures to accommodate the re- 
quirements of different doctors. 
Once programmed, you can run any proce- 
dure simply by pushing three buttons. 


The complete range of new 
ICR stress systems. 


In addition to the Documentor, ICR is also 
introducing the Analyzer and Monitor. One of 
these systems is ideal for your practice, clinic 
or hospital. Each system can be upgraded 
quickly and easily in the field. 

For more information call toll-free: 


1-800-448-1675. 


or write for a free brochure: Instruments for 
Cardiac Research, 7120 Henry Clay Blvd., 
Liverpool, New York 13088, U.S.A. 


When your patients depend on you, depend on our technology. 


BUE. 


Instruments for 
Cardiac Research 





7120 Henry Clay Blvd., Liverpool, New York 13088, U.S.A. 
(315) 451-6960 TWX 710-541-1544/CABLE: CARDIACRE LIPL vt. 
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Why treat hypertensio 
heart problem- 


where the basic problem is 
increased peripheral resistance? 


Most patients with sustained hypertension have normal 
cardiac output and an elevated total peripheral vascular resistance. 
Reducing cardiac output, as beta blockers do, lowers blood pressure 
but does not seem to correct the primary abnormality— increased 
peripheral resistance: 

MINIPRESS lowers elevated blood pressure through reduction 
of total peripheral resistance. 

MINIPRESS, the selective postsynaptic alpha blocker, is 
recommended for Step 2 Therapy by the Joint National Committee 

.. on the Detection, Evaluation, and Treatment of High Blood 
Pressure. 
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Effectively controls hypertension by beta beier 
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= Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 


= Maintains cardiac output which allows 
patients to maintain an active life style. 


* Maintains renal blood flow and glomerular 
filtration rate so it can be used effectively 
even in patients with renal impairment. 


= Not a CNS agent so patients experience 
few of the troublesome CNS side effects 
that impair their quality of life. 


* Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
with beta-blocker therapy. 


= A small percentage of patients have 
experienced orthostatic hypotension and 
syncope. 


BRIEF SUMMARY 
MINIPRESS* (prazosin hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS* (prazosin hydrochloride) is indicated in the treatment 
of hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
patient response. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due to an excessive 
postural hypotensive effect, although occasionally the syncopal episode has been 
preceded by a bout of severe tachycardia with heart rates of 120-160 beats per minute. 
Syncopal episodes have usually occurred within 30 to 90 minutes of the initial dose of 
the drug; occasionally they have been reported in association with rapid dosage 
increases or the introduction of another antihypertensive drug into the regimen of a 
patient taking high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 196 in patients given an initial dose of 2 mg or 
greater. Clinical trials conducted during the investigational phase of this drug suggest 
that syncopal episodes can be minimized by limiting the initial dose of the drug to 1 mg, 
by subsequently increasing the dosage slowly, and by introducing any additional 
antihypertensive drugs into the patient's regimen with caution (see DOSAGE AND 
ADMINISTRATION). Hypotension may develop in patients given MINIPRESS 
who are also receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
supportively as necessary. This adverse effect is self-limiting and in most cases does not 
recur after the initial period of therapy or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS (prazosin 
hydrochloride). The 2 and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness gre the symptoms often associated with 
lowering of the blood préssure, namely, dizziness and lightheadedness. The patient 
should be cautioned about these possible adverse effects and advised what measures to 
take should they develop. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur during the initiation of MINIPRESS (prazosin 
hydrochloride) therapy. i 

Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 


established. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 


women unless the potential benefit outweighs potential risk to mother and fetus. 
Usage in Children: No clinical experience is available with the use of MINIPRESS 


uo tpTazosin hydrochloride) in children. 







E REACTIONS: The most common reactions associated with MINIPRESS 
hydrochloride) therapy are: dizziness 10.396, headache 7.896, drowsiness 

» Mick of energy 6.996, weakness 6.5%, palpitations 5.396, and nausea 4.9%. In 
sf iñstances side effects have disappeared with continued therapy or have been 
èd wit® no decrease tn dose of drug. 


B.I.D. Dosage Titration... 
the Key to Effective — 
Control of Hypertension 


The usual maximum daily dosage is 20 mg 

in divided doses, although a few patients may benefit 
from increases up to 40 mg daily in divided doses. 
Initiate therapy with evening dose. 


> oe. 


S ‘es F E pr 





The following reactions have been associated with MINIPRESS (prazosin hydrochio- 
ride), some of them rarely. (In some instances exact causal relationships have not been 
established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/or 
pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinary frequency, incontinence, impotence, priapism. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have been reported. In these instances, the exact 
causal relationship has not been established because the baseline observations were 
frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate baseline 
examinations, no drug-related abnormal ophthalmological findings have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazasin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: | mg two or three times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly employed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few patients may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or 2 mg 
three times a day and retitration then carried out 


HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and unit dose 
institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in 
bottles of 250, 500 and unit dose institutional packages of 100 (10 x 10's). 


References: 1. Lowenthal DT, Whiteman MS: Hypertension & Exercise, in Lowenciasitgmg 


DT, Bharadwaja K, Oaks WW (eds): Therapeutics Through Exercise: 51st Hahnemanne- 


Symposium. New York, Grune & Stratton, Inc, 1979, pp 133-144. 2. Lund-Johansen T: 
Hemodynamic alterations in hypertension— spontaneous changes and effects of drug 


therapy: A review. Acta Med Scand (suppl) 603:1-14, 1977. 
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EXPERIMENTAL STUDIES 


Prostacyclin in Experimental Myocardial Ischemia: Effects on Hemodynamics, Regional Myocardial 
Blood Flow, Infarct Size and Mortality | 


LAIR G.T. RIBEIRO, TEDD A. BRANDON, D. GREGG HOPKINS, LAWRENCE A. REDUTO, ADDISON A. TAYLOR 
and RICHARD R. MILLER 


A continuous infusion of prostacyclin into dogs after the production of acute myocardial ischemia by coronary 
arterial ligation significantly decreased myocardial oxygen demand, maintained ischemic myocardial blood flow 
while decreasing nonischemic flow and greatly reduced early mortality. The drug significantly decreased sys- 
temic blood pressure and vascular resistance without causing tachycardia or altering the cardiac output. Preser- 
vation of ischemic myocardial blood flow was most likely related to the enhanced coronary collateral flow to the 
ischemic area. The beneficial actions of prostacyclin on mortality were more related to its ability to prevent le- 
thal arrhythmias through one of a number of potential mechanisms rather than to any significant effect on mea- 
sured infarct size. Prostacyclin did not alter the endocardial/epicardial myocardial flow ratio. 


Influence of Sulfinpyrazone and Naproxen on Infarct Size in the Dog 
ROBERTO BOLLI, ROBERT E. GOLDSTEIN, NANCY DAVENPORT and STEPHEN E. EPSTEIN 


Neither naproxen nor sulfinpyrazone, administered in effective platelet-inhibitory doses, altered the size of the 
myocardial infarct in dogs after ligation of their mid left anterior descending coronary artery. These results indi- 
cate that neither inhibitory effects on platelet function and prostaglandin synthesis nor associated lysosomal-sta- 
bilizing properties identify agents with consistent infarct-sparing action. Consequently, further investigation is 
needed to identify drug mechanisms that reliably lead to reduction in infarct size. 


Sulfinpyrazone and Aspirin Increase Epicardial Coronary Collateral Flow in Dogs 


NANCY DAVENPORT, ROBERT E. GOLDSTEIN, NORINE CAPURRO, LEWIS C. LIPSON, ROBERT O. BONOW, 
N. RAPHAEL SHULMAN and STEPHEN E. EPSTEIN 


In this study with platelet-inhibitory doses of sulfinpyrazone, aspirin and an aspirin dose 10-fold greater than the 
minimal dose necessary for complete platelet inhibition, the endocardial collateral flow 4 hours after post-treat- 
ment occlusion in dogs was slightly increased over the pretreatment values in the sulfinpyrazone group but not 
in the remaining groups. All the drugs significantly increased the epicardial collateral flow from 5 minutes after 
the post-treatment occlusion to 4 hours after the same occlusion. Although the physiologic importance and 
mechanisms of the increased collateral flow remain uncertain, it appears that the enhanced collateral flow after 
coronary occlusion may contribute to some of the beneficial effects ascribed to sulfinpyrazone and aspirin in 
coronary artery disease. 


Comparative Right and Left Ventricular Volumes and Pump Function in the Newborn Lamb 


HAROLD G. ERATH, Jr., THOMAS P. GRAHAM, Jr., CLYDE W. SMITH, SANDRA L. THOMPSON and 
JOHN W. HAMMON 


With a quantitative cineangiocardiographic method in the absence of thoracotomy or surgical instrumentation 
of the heart, these investigators found no significant change in ventricular volumes and pump function of nine 

« lambs studied at age 24.4 hours and again at 15.6 days. These results indicate that there is early postnatal equal- 
ization of left and right heart volumes and that deviation from this relation should suggest abnormal hemodynam- 
ic function in a neonate with suspected heart disease. 


METHODS 


Exercise-Induced Regional Wall Motion Abnormalities on Radionuclide Angiography. Lack of 
Reliability for Detection of Coronary Artery Disease in the Presence of Valvular Heart Disease 


HARVEY S. HECHT and JAMES M. HOPKINS i 


Exercise radionuclide angiography studies showed exercise-induced regional wall motion abnormalities in none 
of 12 normal subjects, 63 percent of 35 patients with coronary artery disease and 42 percent of 19 patients with 
valvular heart disease and normal coronary arteries (predominantly inferoapical in location). These data indicate 
that the presence of exercise-induced regional wall motion abnormalities in a patient with valvular heart disease, 
and aortic regurgitation in particular, do not constitutė reliable evidence for the presence of associated coronary 
artery disease. The older age range of the patients with valvular heart disease raises the possibility that age ~ 
alone may predispose to these abnormalities independent of the valvular heart disease. 
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THE TRENDSETTER™ — Tbe top- 

of-the-line scanner for integrated ECG, E ec ——————_— Mee ii lacs 
blood pressure and pacemaker eval- REDE 0 0 0 ooo i | 

uation, together with comprehensive 

alpbanumeric/ graphic summaries. 


VIS-U-SCAN™ — The high-speed system 

that puts 24 hours of ECG in your bands | TE EL 
in three minutes flat without missing $ : 

a beat. Ì 
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SMART SC: \NNERS, There’s a Del Mar Avionics ECG scanner that satisfies your most exacting 
SMART VALUES  * requirements — in the hospital or in your office. And a worldwide network of service 


centers assures fast, professional response when you need it, where you need it. 

Àn outstanding Education and Training staff rounds out our commitment to 
excellence. Training courses extend the skills and knowledge of your staff in the appli- 
cation of ECG principles to Holter System data analysis. 

Our full line of smart scanners coupled with the extra services only a leader 
can provide, makes your investment in a Del Mar Avionics system a smart move. Call 

EU pik your local representative today. 


MODEL 655/ 656A— The compact 
Holter scanning system bandles the 
workload right in your office. Two 
channels of data with memory-scope 
display make it fast, flexible and 


easy-to-use. 


THE EVALUATOR™ NEW! 
of-the-line Holter ECG scanner— 


Ihe middle- 


microprocessor-controlled, features 


smart” arrbythmia analyzer 


For more information, call any one of our Corporate Sales and Service Offices: 


ATLANTA (404) 952-0612 
BALTIMORE (301) 561-0990 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
# CINCINNATI (513) 874-600 


— D (216) 866-4063 
| à (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
"EDISON, NJ (201) 548-6600 
HOUSTQN (718) 780-9232 


re “JACKSONVILLE (904) 642-1694 


KANSAS CITY (816) 373-1117 
LINCOLN (402) 474-2650 
"LITTLE ROCK (501) 277-0217 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 546-3324 
MEMPHIS (901) 725-6899 
MIAMI (305) 981-0405 
MINNEAPOLIS (612) 941-6030 


NEW ORLEANS (504) 837-7510 . 


NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 563-1312 


*PORTSMOUTH (804) 397-3251 e ST. LOUIS (314) 739-8151 
* ROCHESTER, NY (716) 422-6772 TAMPA (813) 879-8280 
“SALT LAKE CITY (801) 487-1344 *TULSA (918) 836-6749 
*SAN ANTONIO (512) 696-1042 VAN NUYS (213) 787-5423 
SAN DIEGO (714) 225-0465 ATHENS 671-7170, Telex 214227 (EXSE GR) 
SAN FRANCISCO (415) 349-9102 BRUSSELS 720-7405, Telex 61791 (AVONIX B) 
* SEATTLE (206) 364-2940 Factory authorized independent representatives 


DEL MAR AVIONICS 


1601 Alton Avenue at Red Hill, Irvine, CA 92714 

Telephone: (714) 549-1500 Telex: 68-5621 ; 
Outside California (800) 854-0481, Inside California (800) 432-8446 
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No taste 
problems 


Patients prefer 
Slow-K to unpalatable 





Slow-K... 





No 


Proved record 
of safety 


There are 5 years of 
U.S. clinical experience 
behind Slow-K. The 
8 mEq tablet has proved 
safe and effective in 
over 4 million patients 
in the U.S. alone.* 


Salt of 
choice (KCI) 


The preferred salt 


to correct the hypo- 

kalemic alkalosis that 
may result after long- 
term use of diuretics. 


liquid. 
& 
pdt 
Please tu 


rn page for brief prescribing information. 


boat BA 


M4  w 


squawks 


25€ a day 


The cost of a day's 
therapy averages less 
than a quarter. cani 

Acceptability 

Slow-K has an 
unparalleled record 
of patient compliance. 









*Slow-release potassium chloride tablets 
should be reserved for patients whoecannot 
tolerate or have compliance problems with 
liquid K preparations. The total number of 
GI lesions in both foreign countries and the 
United States remains less than one per 
100,000 patient-years. 





*Data on file, CIBA Pharmaceutical Company. 


*Average cost per day based on 
Pharmaceutical Data Services audit. 
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4 million patients, i 
5 years of U.S. clinical experience’ —— — 
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potassium chloride 
slow-release tablets smEq 
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" SEOW-K* er 
= potassium chloride- slow-refease tablets 


|! DESCRIPTION , 
_ Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg 
otassiung chloride (equivalent to 8 mEq) in a wax matrix. This formulation is 
intended to provide a controlled release of potassium from the matrix to 
- minimize the likelihood of producing high localized concentrations of po- 
| tassium within the gastrointestinal tract. 
— INDICATIONS 
. BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
. AND BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPA- 
= RATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
_ TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
_ FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
_ 1, For therapeutic use in patients with hypokalemia with or without metabolic 
* alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
| periodic paralysis 
= 2. For prevention of potassium depletion when the dietary intake of po- 
. fassium is inadequate in the following conditions: Patients receiving digitalis 
- and diuretics for congestive heart failure; hepatic cirrhosis with ascites: 
_ States of aldosterone excess with normal renal function; potassium-losing 
“nephropathy, and certain diarrheal states. 
| 3. The use of potassium salts in patients receiving diuretics for uncompli- 
| cated essential hypertension is often unnecessary when such patients have 
- anormal dietary pattern. Serum potassium should be checked periodically, 
_ however, and, if hypokalemia occurs, dietary supplementation with po- 
— fassium-containing foods may be adequate to control milder cases. In more 
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— CONTRAINDICATIONS 
In patients with hyperkalemia, since a further increase in serum potassium 
- concentration in such patients can produce cardiac arrest. Hyperkalemia 
- may complicate any of the following conditions: chronic renal failure, sys- 
- temic acidosis such as diabetic acidosis, acute dehydration, extensive 
| tissue breakdown as in severe burns, adrenal insufficiency, or the administra- 
tion of a potassium-sparing diuretic (eg, spironolactone, triamterene). 
| Wax-matrix potassium chloride preparations have produced esophageal 
= Ulceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium 
- All solid dosage forms of potassium supplements are contraindicated in any 
| patient in whom there is cause for arrest or delay in tablet passage through 
|. the G.I. tract. In these instances, potassium supplementation should be with 
= aliquid preparation 
| WARNINGS 
— Hyperkalemia: In patients with impaired mechanisms for excreting po- 
-tassium, administration of potassium salts can produce hyperkalemia and 
— Cardiac arrest. This occurs most commonly in patients given potassium 
- intravenously but may also occur when given orally. Potentially fatal hyper- 
— kalemia can develop rapidly and be asymptomatic. Use of potassium salts in 
_ patients with chronic renal disease, or any other condition which impairs 
potassium excretion, requires particularly careful monitoring of the serum 
— potassium concentration and appropriate dosage adjustment. 
I Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
| treated by the concomitant administration of potassium salts and a po- 
tassium-sparing diuretic (eg, spironolactone or triamterene), since the simul- 
- taneous administration of these agents can produce severe hyperkalemia. 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
—— and/or ulcerative lesions of the small bowel and deaths. These lesions are 
` caused by a high localized concentration of potassium ion in the region of a 
- rapidly dissolving*tablet, which injures the bowel wall and thereby produces 
- obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet for- 
- mulated to provide a controlled rate of release of potassium chloride and thus 
— tominimize the possibility of a high local concentration cf potassium ion near 
be the bowel wall. While the reported frequency of small-bowel lesions is much 
| less with wax-matrix tablets (less than one per 100,000 patient-years) than 
with enteric-coated potassium chloride tablets (40-50 per 100,000 patient- 
| — years) cases associated with wax-matrix tablets have been reported both in 
foreign countries and in the United States. In addition, perhaps because the 
_ wax-matrix preparations are not enteric-coated and release potassium in the 
— stomach, there have been reports of upper gastrointestinal bleeding associ- 
— ated with these products. The total number of gastrointestinal lesions re- 
mains less than one per 100,000 patient-years. Slow-K should be 
k - discontinued immediately and the possibility of bowel obstruction or perfora- 
| tion considered if severe vomiting, abdominal pain, distention, or gastroin- 
testinal bleeding occurs. 
-. Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
— be treated with an alkalinizing potassium salt such as potassium bicarbon- 
~ ate, potassium citrate, or potassium acetate. 
| PRECAUTIONS 
— Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia 
_ ina patient with a clinical history suggesting some cause for potassium de- 
P. pletion. In interpreting the serum potassium level, the physician should bear 
-— in mind that acute alkalosis per se can produce hypokalemia in the absence 
— Qfa deficit in total body potassium, while acute acidosis per se can increase 
E ‘the serum potassium concentration into the normal range even in the pres- 
. ence of a reduced total body potassium. Treatment of potassium depletion, 
. particularly in presence of cardiac disease, renal disease, or acidosis, 
— requires careful attention to acid-base balance and appropriate monitoring 
- of serum electrolytes, electrocardiogram, and clinical status of patient. 
_ ADVERSE REACTIONS 
—— Most common to gral potassium salts: nausea, vomiting, abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the 
dose with meals, or reducing the dose 
One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including "Uer ere bleeding. ulceration and 
. perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients. Skin 
hoe rash has been reported rarely. . 
_ DOSAGE AND ADMINISTRATION 
- Usual dietary intake of potassium by the average adult is 40 to 80 mEq per 
day. Potassium depletion sufficient to cause hypokalemia usually requires 
loss of 200 or more mEq of potassium from the total body store. 
Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia to 
40-100 mEq per day or more for treatment of potassium depletion. 
Note: Slow-K slow-release tablets must be swallowed whole and never 
crushed or chewed. 
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A dynamometer 
which measures 








physical work rates | 





Now with the new series of Dynavit equipment, 
graded exercise is possible on an ergometer with its 
own built-in calibrating dynamometer. Controlled 
pulses of current are fed through electrical windings 
of the braking system and a magnetic field is in- 
duced which becomes the braking torque to oppose 
the flywheel's rotation. The braking system is float 
mounted such that it responds in a counter torsion 
movement, and this is mechanically transmitted into 
a precision strain gauge. 

And a phototachometer accurately counts the 
flywheel revolutions per minute. Therefore, the true 
and effective cranking effort (work rate — watts of 
power expended) is dynamometrically controlled. 
Constant, calibrated and controlled work rates in- 
dependent of pedal speed! i 
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Aerobitronic 30 .Ergometronic 35 
.  Keiper Dynavit, GmbH & Co. 
305 Era Drive Mannheimer Str 234-236 
Northbrook, IL 60062 6750 Kaiserslautern, 
U.S.A. West Germany ^ 
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866 Quantitative Two Dimensional Echocardiography During Bicycle Exercise in Normal Subjects 


874 Left Ventricular Thrombi: In Vivo Detection by Indium-111 Platelet Imaging and Two Dimensional L 


882 


890 Cineangiography in the Diagnosis of Aortic Dissection E 


WERNER ZWEHL, PASCAL GUERET, SAMUEL MEERBAUM, DIANNE HOLT and ELIOT CORDAY 


This quantitative two dimensional echocardiographic study in 10 normal subjects during bicycle exercise in a su- 
pine position provided good reproducibility of measurements of sectional and global left ventricular function over 
a range of exercise heart rates from 108 to 152 beats per minute. There was a reduction in end-systolic volume 
and an increase in left ventricular ejection fraction during exercise compared with values at rest. Fully satisfac- 
tory visualization of the endocardium during rest and exercise was possible in 10 (71 percent) of 14 subjects, 
suggesting that this technique may be useful only in part of a patient population. The authors anticipate further M 
validations will show that two dimensional echocardiography is a useful noninvasive technique that may be ap- 
plied during programmed exercise to quantitate cardiac function in various clinical settings. 


Echocardiography 


JOHN R. STRATTON, JAMES L. RITCHIE, GLEN W. HAMILTON, KARL E. HAMMERMEISTER and LAURENCE 1 
A. HARKER | 


This study in 44 men documents the ability of indium-111 platelet imaging and two dimensional echocardiogra- 
phy to detect intraventricular mural thrombi. Echocardiography provides anatomic information and is useful in E 
identifying thrombi in individual patients. Its potential for assessing thrombus activity is uncertain. Platelet imag- | 
ing may detect only the most hematologically active thrombi. Both techniques may help define patients at risk ` q 
of embolization and may be useful for in vivo assessment of antithrombotic drugs. Precise determination of their 4 


sensitivity and specificity requires a prospective study in a larger number of consecutive patients undergoing op- 
eration or necropsy. 


Indium-111 Platelet Imaging for Detection of Platelet Deposition in Abdominal Aneurysms and 
Prosthetic Arterial Grafts 


JAMES L. RITCHIE, JOHN R. STRATTON, BRIAN THIELE, GLEN W. HAMILTON, LINDA N. WARRICK, | 
THOMAS W. HUANG and LAURENCE A. HARKER 1 


Results of 34 studies using indium-111-oxine labeled platelets in 23 patients with abdominal aortic aneurysms 1 
or Dacron prosthetic grafts indicate that platelet imaging may be of value to study platelet physiology in vivo and 3 
to assess platelet-active drugs and the thrombogenicity of prosthetic graft materials in people. The method is 1 
noninvasive, organ specific and reflects thrombus activity. Of the 18 patients with an aneurysm, 12 had positive 
studies on initial imaging and 2 had equivocally positive images. Of five patients with Dacron grafts, four had dif- | 
fuse platelet deposition in the grafts and the fifth patient had platelet deposition only in a pseudoaneurysm. The 
investigators could identify thrombi in chronic abdominal aortic aneurysms as small as 3.5 cm and in a 3.0 cm 
femoral aneurysm. Aspirin alone or combined with dipyridamole did not prevent platelet deposition in three of 
* four patients studied only while receiving these drugs. Significant platelet accumulation occurred in the prosthet- 


ic grafts. At present it is unknown whether platelet deposition predicts either subsequent embolic events or graft 
malfunction. 


JOAQUIN G. ARCINIEGAS, BENIGNO SOTO, WILLIAM C. LITTLE and SILVIO E. PAPAPIETRO 


These studies in 20 patients with acute dissection of the aorta demonstrate the improved diagnostic capabilities 
and technical advantages of biplane cineangiography over large film angiography in these conditions. Aortic E 
cineangiography was as accurate as large film aortic angiography in establishing the presence of aortic regurgi- : 

tation and identifying a nonclotted false lumen and was clearly superior in defining the morphology of the aortic 
valve, identifying an intimal flap and delineating the presence and extent of retrograde dissection. In addition, / 
cineangiographic study could be completed in a shorter period of time, at a lower cost and usually after a single 


injection of contrast material. 
continued on page A33 ER 


.. world's first 
digital camera | 








designed 
for the cardiologist 


pex 215M: lightweight mobile cardiological gamma imager 
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Historv: Acute 
Anterolateral wall 
MI. Catheterization 
showed 3 vessel 
CAD (LVEF- 3596). 
Image shows 
defect of the 
Regional Ejection - 
Fraction. 
Diagnosis: lateral 
aneurysm. 


. Apex 215M is a fully integrated nuclear system 
designed specifically for the cardiologist. 
Apex 215M fulfills all the requirements of modern 
nuclear cardiology. Compact, exceptionally 

y maneuverable, easy to position and extremely 
versatile, it combines superb single-crystal image 
quality with the ultra-high count rates previously 
obtainable only with low-resolution multicrystal 
cameras. 


elecint Inc. 


138-160 Johnson Avenue, 
Hackensack, N.J. 07602, U.S.A. 


Call toll Free: 800-631-1694 





Universal Cardiological Capability 


Crystal Clear First-Pass Examinations at count rates 
as high as 500,000 CPS and resolutions as fine as 
1.8 mm (bar phantom). Unobstructed RAO dynamic 
views of distinct clarity. 

Ultra-Fast Equilibrium Gated Dynamics at 
unprecedented combinations of frame rate and 
resolution (64 frames per heart cycle for 64? matrices), 
at rest or during exercise. 

Superior Quality Static Myocardial Imaging with 
either 99Tc pyrophosphate or ??' Tl. Images acquired 
and displayed on 512? matrices with 256 gray levels. 


A Set of Dedicated Cardiological Programs, 
Continuously Enriched 


Touch a functional pushbutton, and Apex 215M 
provides: 

m Up to three simultaneous cine-views. 

a Wall motion visualization and quantification. 

m Ejection Fraction and Ejection Rate calculation. 

m Remaining Fraction calculation. 

m Static or dynamic Regional Ejection Fraction Imaging. 
m End Diastole/Systole Volumes. 

E æ Shunt quantirication. 

«Psocrams unique to the Apex Line include special 
algorithms for diagnosing ventricular-atrial 
regurgitation and ventricular aneurysms. A whole new 
series of Apex clinical programs is now being tested. 
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Even among patients with DBP in the low 90s, 
systematic therapy significantly 
reduced mortality: 


-mOf nearly 11,000 hypertensives identified by the Hypertension 
- Detection and Follow-up Program, slightly more than 70% had 
mild hypertension (DBP 90-104 mm. Hg).' 


: im Half were given systematic and aggressive care in HDFP cen- 
ters; half were referred to customary sources of medical care. 


mAfter 5 years, HDFP found that effective treatment of mild 
hypertension may reduce premature deaths by 20%." 


m As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton** 


The primary agent used by the HDFP 


Hygroton25:- 
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in an effective low dose 


we 


(chiorthalidone USP) 


Because theres nothing mild | 
about mild hypertension | 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to 
chiorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal 
disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. 
There is a possibility of exacerbation or activation of systemic lupus erythematosus with thiazides, which are 
related to chlorthalidone. This has not been reported with chlorthalidone. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include ftal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placenta! barrier 
and appear in breast milk. if use of the drug is essential, the patient should stop nursing. 

Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be 
performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of 
fluid or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum and urine 
electrolyte determinations are particularly important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. KHypokalemia may develop 
with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis is 
present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients. Insulin requirements in diabetic patients may be increased, decreased, or unchanged and latent diabetes 


related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 
evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or 
severe, chiorthalidone dosage should be reduced or therapy withdrawn 

Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white. scored), 50 mg. (aqua) in bottles of 100, 
1000 and 5000; 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips). 


References: 

1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 
With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2552, Dec. 7, 1979. e Payne, G.H.: 
Presentation of HDFP findings (Nov. 27, 1979), data on file, USV Laboratories. 
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llitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine. 
» antihypertensive effects of the drug may be enhanced in the postsympathectomy patient, Chiorthalidone and 
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REPORTS ON THERAPY 


. 895  Mexiletine for Ventricular Arrhythmias 


PHILIP J. PODRID and BERNARD LOWN 


In this study of 108 patients with chronic and symptomatic ventricular arrhythmias resistant to standard antiar- 
rhythmic drugs, oral mexiletine, a new antiarrhythmic agent derived from lidocaine with a prolonged pharmaco- 
logic half-life of about 11 hours, proved effective and fairly well tolerated, although adverse effects, mainly neu- 
rologic and gastrointestinal, occurred in 29.6 percent of the subjects. One patient with underlying conduction dis- 
ease exhibited complete heart block during the acute drug test and in six patients mexiletine aggravated the 
preexisting ventricular arrhythmia. The response to a single oral loading dose of mexiletine predicts in the major- 
ity of cases drug efficacy during chronic use. Thirty-one patients took mexiletine as their only antiarrhythmic 
drug for an average of 12.6 months with continued suppression of their arrhythmia. Others took the drug for 
shorter periods of time durlng rest and repeated exercise tests. The effectiveness of mexiletine was unrelated 
to the type of underlying heart disease or the mechanism of ventricular arrhythmia. No changes in blood pressure 
or evidence of congestive heart failure occurred. 


903  Patient-Activated Transvenous Cardiac Stimulation for the Treatment of Supraventricular and 


Ventricular Tachycardia 


GEOFFREY O. HARTZLER, DAVID R. HOLMES, Jr. and MICHAEL J. OSBORN 


The therapeutic employment of a permanent transvenous lead system and radiofrequency stimulator that re- 
quired patient activation in eight patients with refractory supraventricular tachycardia and in nine with refractory 
ventricular tachycardia reduced antiarrhythmic drug dosage, adverse drug effects and the need for frequent hos- 
pital admissions. All patients developed a pronounced subjective improvement in attitude, sense of confidence 
and security after they learned to participate actively in the management of their arrhythmia. However, most pa- 
tients with recurrent ventricular tachycardia are not candidates for a radiofrequency stimulator. The 9 patients 
described in this article represent only 6 percent of 140 patients undergoing invasive electrophysiologic. study 
who were considered suitable for this kind of therapy. Ambulatory monitoring may prove useful in identifying fre- 
quent spontaneous ventricular arrhythmia capable of initiating sustained reentrant ventricular tachycardia in 
these patients. 


910  Reassessment of Vasodilator Therapy in Angina: Effects of Oral Isosorbide Dinitrate and Hydralazine 


917 


on Exercise Tolerance in Patients Receiving Propranolol 


GAIL G. TURNER, E. KENNETH WEIR, ELLIOT CHESLER and GORDON L. PIERPONT 


In 20 patients with stable angina treated with propranolol, the addition of isosorbide dinitrate improved exercise 
tolerance, whereas the addition of hydralazine proved detrimental. When isosorbide dinitrate was combined with 
hydralazine and propranolol, hydralazine's detrimental effect on exercise tolerance was reversed. These data 
suggest that isosorbide dinitrate in this combination reduces or eliminates the adverse effect of hydralazine, pos- 


* Sibly because of the dramatic reduction in blood pressure, although a training effect could not be ruled out. 


Influence of Severity of Ventricular Dysfunction on Hemodynamic Responses to Intravenously 
Administered Verapamil in Ischemic Heart Disease 


CHRISTOPHER Y. C. CHEW, HARVEY S. HECHT, JOHN T. COLLETT, RUSSELL G. McAFLISTER and 
BRAMAH N. SINGH " 


These cardiovascular hemodynamic studies before and after the intravenous injection of verapamil in 25 pa- 
tients indicate that its intrinsic depressant effect is offset almost entirely by its potent vasodilator properties in 
patients with cardiac disease having a mild to moderate decrease in left ventricular ejection fraction accompa- 
nied by normal or mildly elevated mean pulmonary capillary wedge pressure. However, in patients with severely 
reduced ejection fraction and high pulmonary capillary wedge pressure, its depressant effects become clinically 
apparent with sudden increases in pulmonary capillary wedge pressure and decreased stroke volume and mean 
arterial pressure. In such patients the reduction in ventricular afterload resulting from the use of intravenous 
verapamil does not entirely outweigh its potentially deleterious depressant effect on cardiac contractility. 


continued on page A40 
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Short of angiography, you can't 
iok into a man's heart. So as a physi- 
lan, you have to predict the presence of 
eart disease using the clues available 
) you: the patient's history, test results 
nd your own experience. You're con- 
tantly seeking new information to make 
our diagnosis more accurate. 

Probability analysis is an integral 
art of that decision making process. 
ou use it every time you make a diag- 
Osis, every time you decide to order 
nother test. 

For example, take the case of a 55 
ear old man who has a systolic blood 
ressure of 132, a serum cholesterol of 
40 mg/?6 and chest pain which 
9u consider not to be anginal in nature. 


CAN YOU PREDICT 
THE PROBABILITY OF 


CORONARY ARTERY 577 ——. 


-— = = : 


DISEASE? 


For this patient, you'd most 
ely predict a low to moderate 
robability of disease. But chances 
re, you d want more information. 

You just used probability . 
?alysis. Physicians have been 
sing it for as long as they ve been 
lagnosing disease. But now, there's 
way to quantify that analysis: 
ADENZA by Cardiokinetics. 

CADENZA is a unique, 
mple-to-use computer program 
/al'áble as either software for APPLE 
licrocemputers, ar as a service from 


Cardiokinetics. It is specifically de- 
signed to aid physicians in the clini- 
cal decision-making process. By 
utilizing Bayes’ Theorem of conditional 
probability (based on the pooled re- 
sults of medical literature currently 
available), CADENZA can provide the 
physician with a statistical analysis of 
the probability of disease based on a 
patient's specific test data and pre-test 
probability of disease. 

The program evaluates pre-test 
risk factors as well as the prevalence 
of disease accordina to age, sex and 
symptomatology. Then it assesses 
specific test results from any number or 


combination of different tests. Within min- 


utes, it provides you with the probability 
of disease, graphically expressed, and 
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the statistical confidence of the estimate. 





Depending upon the tests run, it can 


also supply you with the implied location 


and severity of the disease (if present) 
and the calculated risk of future coro- 
nary events. A two-page printed lab 


report recaps 


the statistical analysis 


and input data. 

CADENZA can't make decisions 
or replace your judgement. But for the 
first time, it allows you to have a com- 
prehensive statistical analysis specifi- 
cally calculated for your patient. 

Take the patient above, for exam- 
ple. A CADENZA report of probability, 


based on the limited information at hand, 
would look like this: 


0 .2 


CORONARY ARTERY DISEASE LIKELIHOOD 
STANDARD ERROR OF THE ESTIMATE 080 
90% CONFIDENCE INTERVAL 
DIAGNOSTIC INFORMATION CONTENT. 23%(P=.0009) 





-4 .6 » 

LIKELIHOOD + 
207 
086 to 344 


The further the curve is to the right, 


the greater the probability of disease. 
The smaller the enclosed area, the mote = 
confident the assessments. 


In this case, a probability of 20% is 


higher than average for his age and sex. 
So you might run a stresstest. * ° 


WHAT IS THE PROBABILITY 
OF DISEASE IF THE PATIENT 
i HAS AN ABNORMAL 
ECG STRESS TEST? 


At 8 minutes, ST segment depres- 
sion of 1.0 MM with a horizontal slope 
was noted. Heart rate at onset was 
158. What's your projection? Here's 
CADENZA's: 


FREQUENCY DISTIRIBUTIOM OF LIKELIHOOD 





. -4 -6 = 
= LIKELIHOOD as 
CORONARY ARTERY DISEASE LIKELIHOOD 508 
STANDARD ERROR OF THE ESTIMATE 261 
90% CONFIDENCE INTERVAL 125 to 878 


DIAGNOSTIC INFORMATION CONTENT. 1%(P=.4858) 


Probability goes up. But so does 
the standard error of the estimate. Be- 
cause for patients with a low or inter- 
mediate pre-test likelihood of disease, 
a positive stress test has low predictive 
accuracy. ':2 

There's a50% chance the patient 
has CAD— and a 5096 chance the pro- 
jection is wrong. 

A second test is indicated. 
Perhaps you would order thallium 
scintigraphy. 


WHAT IS YOUR PREDICTION 
IF THE PATIENT HAS AN 
ABNORMAL THALLIUM STUDY? 
Test results indicated marked 


regional hypoperfusion. What's your 
analysis? Here's CADENZA s: 


FREQUENCY DISTRIBUTION OF LIKELIHOOD 





—_ LIKELIHOOD + 


CORONARY ARTERY DISEASE LIKELIHOOD 
STANDARD ERROR OF THE ESTIMATE 039 
90% CONFIDENCE INTERVAL 


878 to 
DIAGNOSTIC INFORMATION CONTENT: 60% (P< 0001) 


1. Diamond, G.A., Forrester, J.S.: Analysis of Prob- 
ability as an Aid in the Clinical Diagnosis of Coronary 
Artery Disease. N. Engl. J. Med. 300: 1350-1358 
(June 14), 1979 


ho 


Diamond, G.A., Forrester, J.S.. Hirsch, M., Staniloff 
H.M., Vas, R., Berman, D S Swan, H.J.C.: Applica- 
{®n of Conditional Probability Analysis to the Clinical 
Diagnosis of Coronary Artery Disease. J. Clin. Invest, 
65. May 1980: 1210-1221 

Silverberg R.A., Diamond, G.A., Vas R., et al: Nonin 
vasive Diagnosis of Coronary Artery Disease: The 
Cardiokymographic Stress Test. Circulation 61 

No 93, 1980: 579-589 
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The probability changed dramati- 
cally with the addition of a second test. 
Coronary artery disease likelihood is 
over 96% with a standard error of 
only 4%. 

But what if you'd run a different 
second test instead of a nuclear study? 
A test that can indicate left ventricular 
wall motion dysfunction? A less expen- 
sive test that could be performed right in 
your office? 


WHAT WOULD THE 
PROBABILITY BE IF YOU'D RUN 
A CARDIOKYMOGRAPH (CKG) 
INSTEAD? 


Let's run one and see. At rest, test 
results showed normal inward systolic 
motion. With exercise, the patient de- 
veloped abnormal holosystolic outward 
motion. What does that tell you about 
the probability of disease? Here's a 
CADENZA report: 


FREQUENCY DISTRIBUTION OF LIKELIHOOD 





— LIKELIHOOD + 


CORONARY ARTERY DISEASE LIKELIHOOD 
STANDARD ERROR OF THE ESTIMATE 

90% CONFIDENCE INTERVAL o 1.00 
DIAGNOSTIC INFORMATION CONTENT 38% n 0070) 


For practical purposes, the results 
are essentially the same. Both scintig- 
raphy and cardiokymography indicate 
a 90% likelihood of disease 
with high confidence. 

So why order a 
CKG? For cost and 
efficiency. 


.. CARDIOKYMOGRAPHY: . - 
THE LOGICAL SECOND TEST 
CKG provides the physician with a 
easy to interpret analog represéntation 
of left ventricular wall motion. 
The Cardiokymograph is technical 
simple, quick, totally non-invasive and 
low in cost. 





You won t have to wait for test re- 
sults either. Cardiokymography can be 
performed right in your office along wit 
a routine exercise stress test. It takes ng 
more additional time than a resting elec 
trocardiogram. And in combination wit 
an ECG stress test, you get very high 
predictive accuracy.? 

If you're already conducting stres 
tests in your office, CKG and CADENZA 
are the logical next step to on-site multi- 
ple testing. And you can have both for 
far less than you'd expect. 

Find out more. Call Cardiokinetic 
toll free at 1-800-426-0089 and ask for 
your free CADENZA probability analysis 
and a demonstration of cardiokymog- 
raphy. Or write to: 


CARDIOKINGTIC7~ 


CARDIOKINETICS INC. * 710 NINTH AVENUE NO 
SEATTLE. WASHINGTON 9810S * (206) 625-1155 
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Laragh s eagerly awaited new book on the silent killer 


TOE IC. LJ HWE EF TEVCIOU ey, 
eis. Edited by 


High blood pressure is no longer only a problem of world- 
wide interest and relevance. It is now one in which the 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about it in his 
daily practice...and can apply, to an ever-increasing 
extent, more sophisticated and individually tailored 
therapies. 


Laragh’s TOPICS INHYPERTENSION places this kind 
of vital knowledge within instant reach of the physician. 
It presents a carefully selected array of discussions. It 
deals in depth with recent breakthroughs in understand- 
ing, diagnosing, and treating this problem. 


This book is conveniently organized for effective consul- 
tation and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


* Section 2 deals with new physiologic approaches to 
diagnosis. 


* Section 3 discusses new perceptions of the clinical and 
prognostic aspects of hypertension. 


* Section 4 considers in detail the more recently intro- 
duced modes of therapy. These new agents presage the 
beginning of a new era of more selective and specific 
therapy for increasing numbers of patients. 
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pyicsin John H. Laragh, MD 
tension 


— Master Professor of Medicine Director, 


The Cardiovascular Center Chief, 
Cardiology Division The New York 
Hospital-Cornell Medical Center 

644 pages. 36 chapters by 85 inter- 
nationally known specialists. Hlus- 
trated. Comprehensively indexed. 
$49.00. Available on 30-day approval. 





YORKE MEDICAL BOOKS AJC 4/81 
666 Fifth Avenue * New York, NY 10103 
Send me, on approval, copies of Laragh's TOPICS 


IN HYPERTENSION at $49.00. ! will consult and read this new 
manual for 30 days, then remit only if | consider it a necessary 
addition to my library. Otherwise | will return it without further 
obligation. 


Send bill, plus shipping cost. 
Payment herewith. Publisher pays shipping. Same return privilege. 


Charge my MasterCard Visa 
Card No. T Exp. date 
Name E a 
Address L 
City ay State ASI! Zip 


Please add Sales Tax in N.Y. State. Outside Western Hemisphere 
price is $57.00 and prepayment or credit card number is required. 
Thank you. 


MES MED DEM DUM NUR PUN DUNS EN NUUS CMS SFO ts co 


Danger: | 
PVC's dont sleep! 


In a study of patients with coronary artery disease, 


25 percent showed an increase in PVC's during sleep. 





Cheerupalow chole sterol 
diet with Saffola. 


Saffola margarine 
is perfect for your 
patients following 
a low-cholesterol 
diet. 
Not just because 
Saffola has no 
cholesterol. And is tiaht, delicious - 
higher in beneficial E: 
polyunsaturates 
than corn oil margarine, even Fleischmann's or Mazola. 
but because Saffola margarine tastes great. Which could 
mean the difference if your patient strays or stays on his diet. 


Absolutely no cholesterol and higher in beneficial SOME... ABI 


M 
TAU 2) 


To reduce the risk of potentially fatal 
arrhythmias in patients with compromised hearts 


324 mg i & 
Quinaglute....... 


(eUlalelae gluconate) = Practical b.i.d. or t.i.d. dosage 
protects night and day 


E Less frequent administration 
helps improve patient 
compliance and thus helps 
assure needed round-the-clock 
protection.‘ 


References: |. Schroeder, J.S.: Emergency Medicine 12:34 
(Feb. 15} 1980. 2. Lown, B., in Lown, B., and Segal, J.: 
Modern Medicine 46:60 (Sept. 30-Oct. 15) 1978. 


Please turn page for brief summary of prescribing information: - 
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Danger: . 
PVC's dont sleep! 


324 mg 


Quinaglute 


DURA-TABS € 


(quinidine gluconate) 


CONTRAINDICATIONS: 

Aberrant impulses and abnormal rhythms due 
to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or intra- 
ventricular conduction defects, especially 
those exhibiting a marked grade of ORS 
widening. 

Renal disease resulting in significant 
azotemia, or those developing cardiotoxic 
effects such as conduction defects, ventricular 
premature beats, ventricular tachycardia or 
flutter while on the drug. 

Marked cardiac enlargement, particularly 
with congestive failure, poor renal function, 
and especially renal tubular acidosis. 

Idiosyncrasy or hypersensitivity to quinidine. 
WARNINGS: 

In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive 
reduction in the degree of A-V block to a 1:1 
ratio resulting in an extremely rapid ventricular 
rate. 

PRECAUTIONS: 

The precautions to be observed include all 
those applicable to quinidine. A preliminary 
test dose of a single tablet of quinidine sulfate 
should be administered to determine if the pa- 
tient has an idiosyncrasy to quinidine. Hyper- 
sensitivity to quinidine, although rare, should 
constantly be considered, especially during the 
first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart, therefore, ex- 
treme caution should be exercised in using the 
drug in patients with severe heart disease, hy- 
potension or digitalis intoxication. The poten- 
tial disadvantages and benefits must be 
weighed. 

It should be administered cautiously, if at all, 
to senile patients. 

Hospitalization for close clinical observation, 
electrocardiographic monitoring, and possibly 
plasma quinidine levels is indicated when large 
doses are used or with patients who present an 
increased risk. 

ADVERSE REACTIONS: 

Symptoms of cinchonism, ringing in ears, head- 
ache, nausea, disturbed vision may appear in 
sensitive patients after a single dose of the 
drug. 

Cardiovascular: Widening of ORS complex, 
cardiac asystole, ventricular ectopic beats, idio- 
ventricular rhythms including ventricular 
tachycardia and fibrillation, paradoxical 
tachycardia, arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, abdomi- 
nal pain, diarrhea. 

Hematologic: Acute hemolytic anemia, hypo- 
prothrombinemia, thrombocytopenic purpura, 
agranulocytosis. 

Central Nervous System: Headache, fever, 
vertigo, apprehension, excitement, confusion, 
delirium and syncope, disturbed hearing (tin- 
nitus, decreased auditory acuity), disturbed vi- 
sion (myd[iasis, blurred vision, disturbed color 
perception, reduced vision fields, photophobia, 
diplopia, night blindness, scotomata), optic 
neuritis. 

Dermatologic: Cutaneous flushing with in- 
tense pruritus. 

Hypersensitivity Reactions: Angioedema, 
acute asthmatic episode, vascular collapse, res- 
* piratory arrest. 

See package insert for full information. 
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For every professional with an 
interest in Exercise and the Heart. 


EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD. Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. Schoo! of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinica! applications 

O Nuclear cardiology 

C) Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 


For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 
Send for your copy of Exercise in Cardiovascular*Health and 
Disease today. Then use it for 30 days without risk.  , 
pom 


Yorke Medical Books 
666 Fifth Avenue, New York, N.Y. 10103 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($33.00 plus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


(] Full payment enclosed, publisher pays shipping. 
C] Please bill me, plus cost of shipping. 
O Charge my credit card: [ ] MasterCard ( ) Visa. 
Card No. DR OMPS OBPPENUN 200 PCI [Wwe LE 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. . 
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He might be 


running 
or his life 


Whether he’s in a cardiac conditioning, diagnostic or rehabilitation program, your patient deserves the best in 
exercise equipment. At Collins, we've been making the best for sixty years. From our first treadmill to our newest 
Pedalmate ergometer, each product has been developed to meet the Collins standard of excellence — innovative 
design, durable construction and easy operation. 

The result has been a continuing tradition of superior instruments that reflect not only the latest technology, but a 
concern for patient comfort and safety as well. Each treadmill features handrails, a large usable walking area and a 
new fiberglass fabric-coated surface under the belt to minimize friction and wear. Our four treadmills offer speed 
ranges up to 16 mph and electric lift from 0-4096. For precise manual or automatic heart rate control capabilities, 
the Pedalmate combines the convenience of an exercise bicycle with the choice of either a 25-200 or 50-400 watt 
brake unit, 

High quality plus performance — it all adds up to product integrity that has made Collins 

the first choice for over half a century. So when you need exercise equipment, C lli 
choose Collins. You'll be sure of the best for your patient — and yourself. Write today O INS 
for our latest catalog. 














Standard Treadmill 


Sonet sap i 
.54mph or 0.8-8.0 mph, 0-25% lift —.— Pedalmate Ergometer : ; 
* — Manual or Automatic Heart Rate Control : po pu o- 4o» lift w ` x 








' CONTENTS 


923 Efficacy of Coronary Artery Bypass Grafting in Elderly Patients With Coronary Artery Disease 


WILLIAM S. KNAPP, JOHN S. DOUGLAS, Jr., JOSEPH M. CRAVER, ELLIS L. JONES, SPENCER B. KING III, 
DAVID K. BONE, JAMES M. BRADFORD and CHARLES R. HATCHER, Jr. 


Experience with 121 patients aged 70 years or more who underwent coronary arterial bypass grafting and fol- 
lowed up for 6 to 66 months postoperatively indicates that such patients should not be denied the benefits of 
such surgery on the basis of advanced age alone although their surgical complications are more frequent than 
those in younger subjects. Severe calcification of the ascending aorta is a relative contraindication to saphenous 
vein bypass surgery in this age group. For patients aged 70 years or more the hospital mortality rate was 1.6 per- 
cent (2 of 121). Patients under age 70 years had a hospital mortality rate of 1.1 percent; under age 60, 0.6 per- 
cent; under age 50, no hospital mortality. Symptomatic improvement was excellent in a majority of the older pa- 
tients, and 3 year survival equaled that observed in younger patients. 
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931 Comparative Features of Newly Acquired Left and Right Bundle Branch Block in the General 
Population: The Framingham Study 


| JOHN F. SCHNEIDER, H. EMERSON THOMAS, Jr., PAUL SORLIE, BERNARD E. KREGER, 
| PATRICIA M. McNAMARA and WILLIAM B. KANNEL 


During 18 years of this prospective Framingham study only 55 persons acquired left bundle branch block and 70 
acquired right bundle branch block. Although this group is small, the data suggest that men who acquire left bun- 
dle branch block are more likely to have or acquire advanced cardiovascular abnormalities than are men who 
acquire right bundle branch block. In women the clinical correlates of the two conduction abnormalities are simi- 
lar. The incidence of both types of block increased with advancing age. The high prevalence rate of antecedent 
hypertension suggests that it may play a central role in the pathogenesis of both types of conduction block. 


SEMINAR ON CARDIOVASCULAR FUNCTION IN RESPIRATORY FAILURE—II. Richard 
A. Matthay and Lawrence D. H. Wood, Guest Editors. 


941 Cardiovascular Disturbances in Chronic Respiratory Insufficiency 
JAMES L. ROBOTHAM 


This review concentrates on the mechanical effects of chronic respiratory insufficiency on right and left ventric- 
ular performance during spontaneous and mechanical ventilation. Although intermittent positive pressure venti- 
lation produces adverse effects on the right ventricle, beneficial factors improving left ventricular performance 
include (1) a decrease in right heart volume, which increases left ventricular compliance and the gradient for pul- 
monary venous return; (2) anterograde emptying of the alveolar capillary bed with lung inflation; (3) the increase 
in pleural pressure decreasing impedance to left ventricular emptying; and (4) physical compression of the heart 
by the lungs. Exciting new advances in mechanical ventilation include intermittent mandatory ventilation and high. 
frequency ventilation, which may reduce some of the cardiovascular disturbances in patients with chronic respi- 
ratory insufficiency. j 


950 Noninvasive Radiographic Assessment of Cardiovascular Function in Acute and Chronic Respiratory 
Failure 


HARVEY J. BERGER and RICHARD A. MATTHAY 


Noninvasive radiographic techniques available to study the natural history and pathogenesis of cardiovascular 
performance in acute'and chronic respiratory failure include (1) chest radiography, (2) radionuclide angiocardi- 
ography and thallium-201 imaging, and (3) M mode and cross-sectional echocardiography. Each technique pro- 
vides important physiologic data in patients with respiratory failure as summarized in this review. These tech- 
niques demonstrate that relief of alveolar hypoventilation by reversal of hypoxia and acidosis may diminish pul- 
monary arterial hypertension and that treatment of the blood gas abnormalities associated with respiratory fail- 
ure often improves right-sided heart failure. They show that digitalis improves right ventricular function in ob- 
structive airway disease only if there is concomitant left ventricular dysfunction. The use of continuous low flow 
J oxygen therapy improves oxygenation, decreases pulmonary vascular resistance and increases right ventricular 
° ejection fraction as a result of the decreased right ventricular afterload. 
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. Lopressor’ ' 


metoprolol tartrate 
* 


An antihypertensive 
beta-plocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 
Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 


"ure (see Warnings). 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, léad to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


should be fully digitalized and/or be given a diuretic, 


and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 


Still the most 
significant clinical 
advance in 
beta-blocker 
antihypertensive 


therapy - 
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tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g.. tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or.marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
iung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed. 


Nursing Mothers: |t is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 
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Usage in Children: Safety and effectiveness in 
children have not been established. 


Adverse Reactions Most adverse effects have , 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares. and insomnia have also 
been reported but drug relationship is not clear 


Cardiovascular: Shortness of breath and . 
bracycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type; palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis. nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 


Miscellaneous: Reversible alopecia. 


Clirical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
shculd be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determfhe whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larg&r dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 


This drug should be stored at controlled room tem- 
perature and protected from moisture. 


How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, light-resistant container (USP). 
a 
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tad | * 
For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information. 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
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963 Cardiovascular Management in Acute Hypoxemic Respiratory Failure 


LAWRENCE D. H. WOOD and RICHARD M. PREWITT 


Hemodynamic data in human and animal studies suggest the following goals for the cardiovascular management 
in patients with acute hypoxemic respiratory failure: (1) the lowest pulmonary wedge pressure consistent with 
adequate cardiac output, and (2) least positive end-expiratory pressure consistent with saturation of adequate 
circulating hemoglobin on nontoxic inspired oxygen. This can be done by reducing central blood volume by fluid 
restriction, and diuresis or plasmapheresis and ultrafiltration, or both. When cardiac output becomes insufficient, 
vasoactive drugs are used to return it to an adequate level while pulmonary wedge pressure is kept low. Packed 
red blood cells or other blood products are used to ensure adequate circulating hemoglobin and the lowest ade- 
quate circulating blood volume. Hypoxemia is treated with the least positive end-expiratory pressure providing 
90 percent saturation of the adequate circulating hemoglobin during ventilation with nontoxic inspired oxygen 
concentration. 
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973 Coronary Arteriography and Atrial Thrombosis in Mitral Valve Disease 


THIERRY COLMAN, JOSÉ L. M. de UBAGO, ALVARO FIGUEROA, JOSÉ L. POMAR, IGNACIO GALLO, 
CARLOS MORTERA, ANTONIO PAJARON and CARLOS M. G. DURAN 


This retrospective analysis of the preoperative angiograms of 507 patients who underwent open mitral valve sur- 
gery found a predictive accuracy of 83.3 percent, a specificity of 98.8 percent and a sensitivity of 32.8 percent 
for coronary arteriographic signs of neovascularity and fistula formation from the coronary arteries to the left 
atrium as indicators of left atrial thrombi. Atrial thrombi occurred in 76 patients (14.9 percent). In the 30 patients 
with angiographic neovascularity and fistula formation the new coronary vessels were always observed to arise 
from the circumflex coronary artery. None of these 30 patients had atherosclerotic coronary lesions. Although 
the angiographic sign of neovascularity is only complementary in the diagnosis of atrial thrombosis, it may be 
of benefit for the occasional patient with a doubtful surgical indication for embolic episodes. 


CASE REPORTS 


978 Abnormal Regional Myocardial Flow in Myocardial Bridging of the Left Anterior Descending Coronary 
Artery 


AUGUSTO D. PICHARD, PABLO CASANEGRA, EUGENIA MARCHANT and JOSE ANTONIO RODRIGUEZ 


Myocardial bridging, a congenital lesion, has an incidence rate of 5.4 to 85.7 percent in autopsy studies. In this 
report hemodynamic studies in a 54 year old truck driver with angina pectoris and myocardial bridging of the left 
anterior descending coronary artery demonstrated a decreased blood flow to the area perfused by the bridged 
artery and a concomitant increase in coronary sinus flow as the pacing rate was increased from 96 to 150 and 
180 beats/min. Nitroglycerin accentuated the bridging effect on angiography. The patient obtained symptomatic 
improvement with propranolol therapy to prevent the normal heart rate response to stress or exercise. 
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644 pages. 36 chapters by 85 interna- 
tionally known specialists. Illustrated. 
Comprehensively indexed. $49.00. 
Available on 30-day approval. 





High blood pressure is no longer only a problem of worldwide in- 
terest and relevance. It is now one in which the knowledge base 
has exploded to the point where the informed physician can do 
more and more about it in his daily practice. . . and can apply, to 
an ever-increasing extent, more sophisticated and individually 
tailored therapies. 


Laragh's TOPICS IN HYPERTENSION places this kind of vital 
knowledge within instant reach of the physician. It presents a 
carefully selected array of discussions by 85 eminent specialists. It 
deals in depth with recent breakthroughs in understanding, diag- 
nosing, and treating this problem. 


The book is conveniently organized for effective consultation and 
reading. 


Check the helpful contents... 


SECTION 1 

Some Biochemical and Pathophysiologic Aspects 

1 The Biochemistry of the Renin-Angiotensin System and Its Role in 
Hypertension 2 Conversion of Angiotensin I to Angiotensin II 3 
Angiotensin Receptors in Vascular Tissue 4 Vascular Angiotensin 
Receptors and Their Role in Blood Pressure Control 5 Renal 
Prostaglandins and the Regulation of Blood Pressure Renin Release and 
Sodium and Water Homeostasis 6 Linking the Kallikrein and Renin 
Systems via Activation of Inactive Renin: New Data and a Hypothesis 7 
Control of Renin Release: Experimental Evidence and Clinical 
Implications 8 Blood Rheology in Hypertension and Cardiovascular 
Diseases 9 Renal Circulation in Hypertensive Disease 10 The Concept of 
Autoregulation of Total Blood Flow and Its Role in Hypertension 11 A 
Proposed Cybernetic System for Sodium and Potassium Homeostasis: 
Coordination of Aldosterone and Intrarenal Physical Factors 
SECTION 2 

Newer Physiologic Approaches to Diagnosis 

12 Renin-Sodium Profiling: Why, How and When in Clinical Practice 13 
How to Do a Plasma Renin Assay 14 The Renin Axis and 
Vasoconstriction Volume Analysis for Understanding and Treating 
Renovascular and Renal Hypertension 15 Clinical and Laboratory 
Diagnosis of Adrenocortical Hypertension 

SECTION 3 . 

Clinical and Prognostic Aspects 

16 High Blood Pressure in Children: Problems and Guidelines for 
Evaluation and Treatment 17 Systolic Hypertension: Nonhomogeneous 
Diseases 18 Hypertension Associated with Early Stage Kidney Disease 19 
Elevation of Serum Lipid Le?*els During Diuretic Therapy of 
Hypertension 20 Renin and Aldosterone Secretion in 
Pheochromocytoma: Effect of Chronic Alpha Adrenergic Receptor 
Blockade 21 Pathogenesis of Hypertension in Cushing's Syndrome: 
Glucocorticoid Excess 22 The Renin-Sodium Profile as a Predictor of 
Hypertensive Complications 23 The Hypertensive Diseases 

SECTION 4 

Modes of Therapy 

PART I Beta Blockade 

24 Acute and Long-term Studies of the Mechanisms of Action of Beta 
Blocking Drugs in Lowering Blood Pressure 25 The Role of Beta 
Adrenoreceptor Blockade in Hypertension 26 Rapid Identification of 
Patients with Essential Hypertension Sensitive to Beta Blockade 27 The 
Predictive Value of Renin Profiling in the Choice of Treatment in Primary 
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Laragh’s eagerly awaited new guide 
to understanding, diagnosing, 

and treating Hypertension 

in its many forms... 


TOPICS IN 


Edited by JOHN H. LARAGH, MD 


Master Professor of Medicine, Chief, Cardiology Division 
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Left ventricular filling was evaluated with use of digitized left ventricu- 
lograms in patients with (1) restrictive amyloid cardiomyopathy, (2) 
constrictive pericarditis, and (3) a normal heart. Restrictive cardiomy- 
opathy (four patients) was established by right and left heart hemody- 
namic studies and postmortem examination; all four patients had cardiac 
amyloidosis. Constrictive pericarditis (seven patients) was established 
by characteristic right and left heart catheterization data and pericardial 
disease at operation; four patients had calcific and three had noncalcific 
anatomic changes. Normal subjects (seven patients) had nermal intra- 
cardiac pressures and normal findings on left ventriculography and cor- 
onary arteriography. 

Left ventriculographic silhouettes were digitized and left ventricular 
volumes were calculated by computer at 16 ms intervals. Curves of left 


ventricular volume and ventricular filling rate were constructed for each © 


patient and also for each group. Patients with restrictive amyloid car- 
diomyopathy had no plateau in the diastolic left ventricular filling volume 
curve, and their left ventricular filling rate was slower than normal during 
the first half of diastole. Patients with constrictive pericarditis had a sudden 
and premature plateau in the diastolic left ventricular volume filling curve. 
In addition, the left ventricular filling rate was faster than normal during 
the first half of diastole. Statistical analysis of left ventricular filling rate 
in patients with restrictive amyloid cardiomyopathy, patients with con- 
strictive pericarditis and normal patients showed significant differences 
during the first half of diastole; those with restrictive amyloid cardiomy- 
opathy had 45 + 4 percent, those with constrictive pericarditis had 85 
+ 4 percent and normal subjects had 65 + 5 percent of left ventricular 
filling completed at 50 percent of diastole (p <0.05). 

Thus, this study showed a significantly different profile of diastolic left 
ventricular filling volume and ventricular filling rate curves during the first 
half of diastole in patients with restrictive,cardiomyopathy and those with 
constrictive pericarditis. The findings suggest the importance of these 
determinations in differentiating restrictive amyloid cardiomyopathy and 
constrictive pericarditis at cardiac catheterization. 


The differentiation of restrictive amyloid cardiomyopathy from con- 
strictive pericarditis is often a difficult diagnostic problem that in rare 
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cases may necessitate thoracotomy for resolution. 
Various diagnostic criteria have been proposed to dif- 
ferentiate these entities!-?; however, none has proved 
infallible. We therefore decided to review our cases of 
restrictive amyloid cardiomyopathy and constrictive 
pericarditis in order to reexamine the similarities and 
differences between these two pathologic entities. Data 
»Obtained at cardiac catheterization in patients with 
restrictive amyloid cardiomyopathy, patients with 
constrictive pericarditis and normal control subjects 
were analyzed. Our study goals were (1) to define left 
ventricular diastolic filling curves in patients with re- 
strictive amyloid cardiomyopathy and constrictive 
pericarditis and (2) to evaluate the usefulness of left 
ventricular filling curves in differentiating restrictive 
amyloid cardiomyopathy and constrictive pericar- 
ditis. 


Methods 


Study group: Four patients with restrictive amyloid car- 
diomyopathy, seven patients with constrictive pericarditis and 
seven normal control subjects were studied at cardiac cathe- 
terization and served as the study population. 

Diagnostic criteria: Restrictive cardiomyopathy was 
established by (1) elevated systemic and pulmonary venous 
pressures, prominent x and y descent in the right atrial 
pressure tracing and the presence of an early diastolic dip 
followed by a plateau in both right and left ventricular pres- 
sure tracings (however, equilibration of right and left diastolic 
pressures was not required to establish the diagnosis of re- 
strictive cardiomyopathy); (2) small left ventricular end- 
diastolic volume and normal ejection fraction; and (3) 
pathologic findings of cardiac amyloidosis at autopsy. 

Constrictive pericarditis was established by (1) elevated 
systemic and pulmonary venous pressures, prominent x and 
y descent in right atrial pressure, presence of an early diastolic 
dip followed by a plateau in both ventricular pressure tracings 
and equilibration of right and left heart diastolic pressures; 
(2) small left ventricular end-diastolic volume and normal 
ejection fraction; and (3) typical pathologic findings at sur- 
gery. 

The normal control subjects were identified after dem- 
onstration of normal findings on physical examinations, 
resting electrocardiography, echocardiography and exercise 
stress testing associated with thallium-201 myocardial per- 
fusion scintigraphy, cardiac hemodynamic evaluation, left 
ventriculography and coronary arteriography. 

Cardiac catheterization: This procedure was performed 
with the patient in the postabsorptive state after mild sedation 
with orally administered diazepam (5 to 10 mg). Right and left 
heart pressures were measured using fluid-filled catheters 
connected to Statham D23Db transducers and recorded on 
an Electronics for Medicine DR-8 recorder. Cardiac output 
was determined by the Fick method. Left ventriculography 
was performed in the 30° right anterior oblique projection 
using a cesium iodine 9 inch (23 cm) intensifier and filming 
at 60 frames/s. Coronary arteriograms were obtained in mul- 
tiple projections ustng a conventional 6 inch (15 cm) image 
intensifier and filming at 30 frames/s. No patient had com- 
plications related to cardiac catheterization. 

Analysis of angiographic data: Silhouettes of the left 
ventricle were traced on a Vangard Instrument Corp. projector 
at 16 ms intervals between end-systole and end-diastole 
(frame by- frame). These silhouettes disregarded papillary 
muscles and trabeculations. The coordinates of these left 

ventricular outlines were digitized and volumes were calcu- 
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lated by direct integration, using a minicomputer. This 
method divides the left ventricle into cylindrical slices 1 mm 
thick. The volumes of these slices are added to give the total 
volume, using a modification of Simpson’s rule.* No correction , 
for rotation or distortion was used, but a correction factor for - 
radiologic magnification was included in the calculation. 
Radiologic magnification was calculated using the grid 
method. Left ventricular volume calculated by this angio- 
graphic method was reproducible within 4 + 1 percent in 
consecutive sinus beats. In addition, left ventricular ejection 
fraction calculated by this method has previously been shown 
to correlate well with ejection fraction calculated by nuclear 
angiography. 

Left ventricular filling volume was expressed as a percent 
of total left ventricular filling volume (defined as end-diastolic 
minus end-systolic volume). The left ventricular end-diastolic 
silhouette was the largest volume immediately before the 
onset of ventricular contraction. The left ventricular end- 
systolic silhouette was the smallest volume during contraction. 
This silhouette frame preceded the opening of the mitral 
valve, which was easily recognized as the angiographic frame 
preceding the entrance of nonopacified blood into the left 
ventricle.9? Left ventricular diastole was defined as the time 
from the smallest left ventricular cavity volume to the largest 
left ventricular cavity volume before the onset of contraction. 
Diastolic filling time was expressed as a percent of the dura- 
tion of diastole. A left ventricular filling volume curve was 
constructed for all patients in this study. 

Statistical analysis: The two-tailed t test for unpaired 
samples was used to test the significance of differences in 
observed measurements of left ventricular filling volume be- 
tween two patient groups, and an analysis of the variance was 
used to test the significance of differences in observed mea- 
surements between the multiple patient groups. A probability 
(p) value of less than 0.05 was considered statistically signif- 
icant. 


Patients 


Patients with restrictive (amyloid) cardiomyopathy: 
All four patients with restrictive cardiomyopathy were men; 
their mean age (+ standard deviation) was 60 + 8 years. The 
cause of disease, symptoms, signs, roentgenographic, elec- 
trocardiographic and pathologic findings are presented in 
Table I. All patients with restrictive cardiomyopathy had 
cardiac amyloidosis. Cardiac catheterization data from these 
four patients are shown in Table II. All four patients had sinus 
rhythm, a prominent x and y descent in the right atrial pres- 
sure tracing and an early diastolic dip followed by a “plateau” 
in the right and left ventricular pressure tracings. Only-three 
of the four patients had diastolic pressure equilibration in all 
intracardiac chambers; diastolic pressure equilibration was 
considered present if the difference between the right apd left 
heart diastolic pressures was less than 4 mm Hg, if left ven- 
tricular end-diastolic volume was small (mean 106 + 8 cc) and 
left ventricular ejection fraction was normal (56 + 4 per- 
cent). 

The etiologic diagnosis in these four patients with re- 
strictive cardiomyopathy was made in one patient before 
cardiac catheterization by rectal biopsy (this patient had 
multiple myeloma); in two patients after cardiac catheter- 
ization by rectal biopsy; and in one patient at the time of 
surgery for presumptive constrictive pericarditis. All four 
patients died, and postmortem examination confirmed the 
pathologic diagnosis of amyloidosis (involving the heart). The 
longest interval between cardiac catheterization and poste 
mortem examination was 6 months. 

Constrictive pericarditis patients: Of the seven patients 
with constrictive pericarditis, four were men and three women; 
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their mean age was 45 + 7 years (mean + standard deviation). 
The cause, symptoms, signs, electrocardiographic, fluoroscopic 
and pathologic findings in these seven patients are presented 
in Table III and the cardiac catheterization data in Table IV. 
All seven patients had sinus rhythm and had a prominent x 
and y descent in the right atrial pressure tracing; all had dia- 
stolic pressure equilibration in all cardiac chambers and an 
early diastolic dip followed by a “plateau” in both the right 
and left ventricular pressure tracings. They all had a small left 
ventricular end-diastolic volume (mean 102 + 8 cc) and a 
normal ejection fraction (58 + 3 percent). All underwent 
pericardial stripping. Operative and pathologic notes were 
reviewed for degree and location of pericardial fibrosis or 
calcium deposition, or both (Table III). 


Normal control subjects: Seven patients underwent 
cardiac catheterization for evaluation of an atypical chest pain 
syndrome. They served as a control group based on the dem- 
onstration of normal findings on physical examination, elec- 
trocardiography, echocardiography, exercise stress testing 
including thallium-201 myocardial perfusion scanning, left 
ventriculography and coronary arteriography. The angio- 
graphic findings in this group revealed that the mean lofte 
ventricular end-diastolic volume was 138 + 12 cc and the mean’ 
left ventricular ejection fraction 63 + 6 percent. 


Results 
Composite left ventricular filling curves (Fig. 1): 
In the seven normal control subjects, the mean diastolic 











TABLE | 
Four Patients With Restrictive Amyloid Cardiomyopathy: Clinical Profile 
Cause of 
Cardio- 
myopathy n Symptoms n Signs n Radiologic Findings n ECG Findings n Pathologic Findings n 
Primary 3 Dyspnea 4 JVD 4  Cardiomegaly 1 Low voltage 2 Diffuse amyloidosis 3 
amyloidosis (including cardiac 
amyloidosis) 
Multiple 1 Peripheral 4  Sggallop 4 Pulmonary venous 4 LVH 1 Cardiac amyloidosis 1 
myeloma edema congestion 
Fatigue 1 S4 gallop 3 ST-T 2 
Mitral re- 1 A-V block, 1 
gurgitation Mobitz |, II 
Ascites 3 
Hepatomegaly 3 
A-V = atrioventricular; ECG = electrocardiographic; JVD = jugular venous distention; LVH = left ventricular hypertrophy; Mobitz I, II = Mobitz 
type | and Il; ST-T = nonspecific S-T segment and T wave changes. | 
TABLE Il 
Four Patients With Restrictive Amyloid Cardiomyopathy: Hemodynamic Profile 
Mean RV Mean LV Ao 
Patient HR Rhythm RA S/D PWP S/D S/D CO CI 
1 88 NSR 18 43/18 16 118/18 118/79 3.7 2.1 
2 95 NSR 16 60/18 20 100/18 90/65 3.9 2.5 
3 115 ST 16 40/16 16 110/16 110/70 4.2 2.8 
4 98 NSR 16 46/17 18 90/26 90/60 3.0 2.2 


Ao = aortic pressure (mm Hg); Cl = cardiac index (liters/min per m*); CO = cardiac output (liters/min); HR - heart rate (beats/min); LV = left 


ventricular pressure (mm Hg); NSR = normal sinus rhythm; PA = pulmonary arterial pressure (mm 


Hg); PWP = pulmonary capillary wedge pressure 


(mm Hg); RA = right atrial pressure (mm Hg); RV = right ventricular pressure (mm Hg); S/D = systolic/end-diastolic pressure (mm Hg); ST = sinus 








tachycardia. 
TABLE Ill | 
Seven Patients With Constrictive Pericarditis: Clinical Profile 
Findings A^ Pathologic Findings: 
on ECG Fibrosis and/or 

Cause n Symptoms n Signs Fluoroscopy n Findings n Calcium n 
Postviral 4 Dyspnea 7 # JVD Calcific 4 ACD 3 Anterior wall 4 
Tuberculosis 1 Chest pain 3 Pleural effusion Noncalcific 3 T 4 
Degos diseases 1 Peripheral edema 2 Pericardial knock WNL 2 Lateral wall 3 
Idiopathic 1 Ascites Epicardium not 1 
e adherent to 





ACD - atrial conduction delay; ECG — electrocardiographic; JVD = 


limits. 





pericardium 


jugular venous distension; T = T wave flattening; WNL = within normal 


\ 
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> 
TABLE, IV 

Seven Patients With Constrictive Pericarditis: Hemodynamic Profile 
Patient HR Rhythm Mean RA RV S/D PA S/D Mean PWP LV S/D Ao CO CI 
1 68 NSR 24 55/28 50/28 26 100/28 100/70 4.0 2.3 
2 76 NSR 14 32/12 32/14 14 140/14 140/85 2.6 2.0 
3 80 NSR 18 38/20 36/20 16 142/21 145/80 5.2 3.1 
4 78 NSR 17 36/20 34/20 22 140/24 140/78 6.0 3.0 
r5 76 NSR 17 28/18 24/18 18 125/20 125/60 3.0 2.2 
6 84 NSR 18 40/18 40/29 20 140/20 140/70 5.3 3.2 
7 82 NSR 21 39/21 39/22 22 115/22 115/65 3.8 2.6 


Abbreviations as in Table Il. 


filling curve had a rapid slope during the first 10 percent 
of diastole, corresponding to the rapid filling phase, and 
a gradual smooth slope during the remaining 90 percent 

of diastole. At 30 percent of left ventricular diastolic 
duration, 35 percent of left ventricular filling had oc- 
curred, and at 50 percent of diastole, 65 percent of left 
ventricular filling had been completed. 

The four patients with restrictive amyloid cardio- 
myopathy had an identically abnormal filling profile 
that was characterized by early (first 10 percent of 
diastole) rapid filling, followed by slower mid diastolic 
filling that was slower than that of the normal patients 
until late in diastole when rapid left ventricular filling 
again occurred and coincided with atrial systole. 

The seven patients with constrictive pericarditis had 
a different type of abnormal left ventricular filling 
curve. The composite filling curve revealed a very rapid 
filling slope during the first 50 percent of diastole, fol- 
lowed by a filling plateau that persisted until late 
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FIGURE 1. Composite left ventricular (LV) filling volume curves in seven 
normal control subjects (solid line, solid circles), in four patients with 
restrictive amyloid cardiomyopathy (broken line, solid triangles) and 
in seven patients with constrictive pericarditis (broken line, solid 
squares). Data are expressed as mean (+ standard deviation) percent 
left ventricular filling volume versus percent duration of left ventricular 
diastole. 
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diastole when atrial systole again induced a more rapid 
filling. 

A statistically significant difference existed between 
the left ventricular diastolic filling curve of the normal 
control subjects and that of the patients with restric- 
tive amyloid cardiomyopathy; this occurred in the in- 
terval from 30 to 70 percent (p «0.05) of left ventricular 
diastole. Similarly, a statistically significant difference 
existed between the left ventricular filling curves of 
normal control subjects and those of the patients with 
constrictive pericarditis in the interval from 20 to 60 
percent (p «0.05) of left ventricular diastole. Further- 
more, there was a statistically significant difference 
between the left ventricular diastolic filling curve of 
patients with restrictive amyloid cardiomyopathy and 
that of patients with constrictive pericarditis during the 
interval from 20 to 90 percent of left ventricular diastole. 
At 50 percent of left ventricular diastole only 45 percent 
of left ventricular filling had occurred in the patients 
with restrictive cardiac amyloidosis, whereas 65 percent 
of left ventricular filling had occurred in the normal 
control subjects and 85 percent in the patients with 
constrictive pericarditis. Thus, at 50 percent of left 
ventricular diastole, the three curves were easily dif- 
ferentiated. 

Individual filling curves of restrictive patients 
with amyloid cardiomyopathy compared with those 
of normal subjects (Fig. 2): The four patients with 
restrictive cardiomyopathy had a very similar left 
ventricular filling curve thet demonstrated an initial 
normal rapid filling phase (first 10 percent of diastole) 
followed by a filling rate less than normal until 80 per- 
cent of diastole had been completed. i 

Individual filling curves of patients with *con- 
strictive pericarditis compared with those of nor- 
mal subjects (Fig. 3): The seven patients with con- 
strictive pericarditis had abnormal filling patterns of 
two distinct types: (1) Pattern A (solid square, Fig. 3): 
In five patients, initial ventricular filling was abnormally 
rapid up to 30 to 40 percent of left ventricular diastole, 
when a sudden premature plateau occurred. This filling 
plateau persisted until left ventricular volume was 
modestly augmented by atrial systole in late diastole. 
(2) Pattern B (open square, Fig. 3): In two patients left 
ventricular filling was initially slightly faster than in 
normal control subjects (during the first 30 percent o 
diastole), but no subsequent plateau was evident. 
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FIGURE 2. Composite left ventricular (LV) filling volume curve in seven 
normal control subjects (solid line, solid circles), expressed as mean 
percent of total left ventricular diastole, and individual left ventricular 
filling volume curves in four patients with restrictive amyloid cardio- 
myopathy (broken lines, solid triangles). For explanation see text. 


Discussion 


Hemodynamic findings in restrictive amyloid 
cardiomyopathy versus constrictive pericarditis: 
Restrictive amyloid cardiomyopathy induces hemo- 
dynamic abnormalities that closely resemble those of 
classic constrictive pericarditis-^*?: (1) Increased right 
and left ventricular end-diastolic pressures are associ- 
ated with normal or reduced chamber volumes; (2) 
ventricular pressure curves often exhibit the diastolic 
“dip and plateau” patterns characteristic of constrictive 
pericarditis, although this pattern may be obscured by 
tachycardia; and (3) equilibration of diastolic pressures 
in all chambers, characteristic of constrictive pericar- 
ditis in normovolemic patients, may be encountered, 
although not usually, in restrictive amyloid cardiomy- 
opathy.?19-1? Two other features that might distinguish 
restrictive amyloid cardiomyopathy from constrictive 
pericarditis have led to debate. In amyloid heart disease 
(1) left ventricular systolic function, as judged from 
ejection phase or isovolumic indexes, has been described 
as normal!?4 or depressed!?-!5; and (2) in eight studied 
cases, left ventricular filling rate has been described as 
uniformly depressed throughout diastole!?.!? or as ac- 
celerated in early diastole with a later plateau.*:!4 This 
point was particularly addressed by the present study. 
In our four patients with restrictive amyloid cardio- 
myopathy, the left ventricular filling rate was uniformly 
reduced throughout diastole. The pattern of left ven- 
tricular filling volume was clearly different from that 
by normal subjects (Fig. 2) and from the two patterns 
in patients with constrictive pericarditis (Fig. 3). These 
results support the observations of Chew et al.!? and are 
consistent with the finding of Borer et al.!? of a reduced 
rate of mitral valve closure in early diastole in the 
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FIGURE 3. Composite left ventricular (LV) filling volume curve in seven — 
normal control subjects (solid line, solid circles), expressed as mean 
percent of total left ventricular volume versus percent duration of left 
ventricular diastole, and individual left ventricular filling volume curves 
in seven patients with constrictive pericarditis (pattern A broken line, 
solid squares and pattern B broken line, open squares). 


echocardiogram of four patients with restrictive amyloid 
disease. 

Our findings differ from those of Meany et al.,? who 
described an early left ventricular filling plateau in three 
cases of restrictive amyloid cardiomyopathy, although 
only one of these exhibited an early plateau in the cor- 
responding pressure tracing, partly because of the ob- 
scuring effects of tachycardia. We used normalized 
volumes and diastolic time intervals in our left ven- 
tricular filling diagrams (Fig. 1 to 3) in order to group 
patients with different heart rates and ventricular vol- 
umes. Similar treatment of the data of Swanton et al.!4 
reveals that the early left ventricular diastolic filling 


TABLE V 


Measurements of Ventricular Performance in Patients With 
Restrictive Cardiomyopathy and Constrictive Pericarditis 


Constrictive 
Pericarditis 


Restrictive 
Amyloid 


Ventricular 
Measurement 


Volumes 
Early filling pattern | 
End-diastolic volume } or 
End-systolic volume . N 
Ejection fraction N* 
Pressures > 
End-diastolic pressure t 
Dip and plateau + 
Equilibration, RV and LV + 


p> ER 


* Ejection fraction was normal in all of our cases, but reduced in 8 
of 33 cases in References 3 and 10-14. : 

| = decreased; Î = increased; + = present; + = present or absent; 
LV = left ventricular; N = normal; RV = right ventricular. 
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pattetn was normal (their Case 2) or uniformly de- 
pressed (their Case 5) in their patients with restrictive 
amyloid cardiomyopathy. However, the same treatment 
of the data of Meaney et al.” does not resolve the dis- 
crepancy between their data and ours. Perhaps an un- 
usual distribution of amyloid in the myocardium of their 
_Ratient 1 created a “shell” effect, causing sudden limi- 
tation of ventricular filling, as in constrictive pericar- 
ditis, whereas more diffuse involvement in our cases 
reduced ventricular distensibility more uniformly at all 
filling volumes. 

Left ventricular volume versus ventricular 
pressure curves: Our four cases with restrictive amy- 
loid cardiomyopathy had ventricular pressure tracings 
that showed a diastolic “dip and plateau” contour, even 
though ventricular volume was increasing during the 
ventricular pressure plateau. Four explanations of the 
discrepancy between left ventricular volume and pres- 
sure may be postulated: (1) We used fluid-filled cathe- 
ters; pressure artifacts due to catheter motion or to 
faulty resonance or damping characteristics may have 
induced spurious “dip and plateau” patterns in the 
pressure recordings. Prospective studies using a high 
fidelity catheter system would clarify this possibility. 
(2) Diastolic suction may not be restricted to early 
diastole in the amyloid heart which is so rigid that the 
ventricular chambers may remain open at postmortem 
examination.!6 Retraction from systolic deformation 
may therefore match venous return to the ventricle 
during the period of the early pressure plateau. (3) Close 
examination of our pressure tracings and those of pre- 
vious reports?:!4 reveals that diastolic pressure actually 
increases slightly (4 to 5 mm Hg) during the early 
“plateau” period in some cases; in others, diastole is so 


abbreviated by tachycardia that a “plateau” cannot be 
verified. In these cases, therefore, a clear discrepancy 
between changing pressure and volume may not have 
been exhibited. (4) Transmural pressure, rather than 
absolute intraventricular pressure, should be used for 
the proper analysis of ventricular distensibility. During 
a plateau of absolute pressure, transmural (filling) 
pressure may, in fact, be changing. 

Clinical implications: Our results suggest that, in 
most cases, significant left ventricular impairment by 
amyloid infiltration can be identified with angiography 
and can be differentiated from the impairment caused 
by constrictive pericarditis. Restrictive amyloid car- 
diomyopathy produces a uniformly delayed left ven- 
tricular filling whereas constrictive pericarditis pro- 
duces a sudden limitation of left ventricular filling 
during the last half of diastole. These findings suggest 
that different pathologic mechanisms are responsible 
for these two types of left ventricular filling patterns. 

The role of our normalized ventricular filling curves 
in complementing other measurements of ventricular 
performance in identifying restrictive amyloid cardio- 
myopathy may be appreciated from Table V. Only the 
filling curves clearly distinguished the cases of restric- 
tive amyloid from the cases of constrictive pericarditis. 
Undoubtedly, early left ventricular filling may occa- 
sionally be delayed in patients with constrictive peri- 
carditis who have extreme myocardial fibrosis. Con- 
versely, patients with restrictive amyloid heart disease 
may occasionally have rapid early left ventricular filling, 
as in the case reported by Meaney et al.? Ventricular 
filling curves must be evaluated in more patients before 
the true incidence of such overlapping patterns can be 
estimated. 
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To determine the effects of exercise training on left ventricular perfor- 
mance and myocardial perfusion in coronary artery disease, rest and 
exercise radionuclide angiocardiography and thallium-201 scintigraphy 
were performed before and after 12 weeks of training in 16 coronary 
patients. After training, 15 of the 16 patients had improved exercise tol- 
erance; total treadmill exercise duration increased from (mean + standard 
error of the mean) 491 + 37 to 602 + 31 seconds (p <0.01), and the 
estimated rate of oxygen consumption (VO2 max) increased from 29.4 
+ 1.4 to 33.8 + 1.2 ml/kg per min (p <0.001). Resting left ventricular 
ejection fraction increased from 52 + 4 to 57 + 4 percent (p <0.02); no 
change occurred in left ventricular functional reserve assessed by ejection 
fraction and regional wall motion response to exercise at the same rate- 
pressure product before and after training. Myocardial perfusion at 
equivalent pre- and post-training cardiac work loads during exercise and 
on redistribution was unchanged by training. 

It is concluded that in patients with coronary heart disease, physical 
training increases exercise tolerance, and results in minimal improvement 
in resting left ventricular systolic performance. Functional reserve of both 
left ventricular systolic performance and the coronary circulation appears 
to be unchanged by exercise training. These data suggest that the ben- 
eficial effects of training for 12 weeks in patients with coronary artery 
disease predominantly result from factors other than improvement in left 
ventricular pump performance or perfusion. 


Since the classic studies of Eckstein! indicating that chronic exercise 
increased coronary collateral flow in dogs after experimental coronary 
arterial constriction, interest has persisted in a possible beneficial effect 
on cardiac performance of exercise training in patients with coronary 
heart disease. However, despite extensive study of the effects of exercise 
conditioning on cardiac function and structure in normal subjects?-5 and 
demonstration of improvement in exercise tolerance after training in 
patients with coronary artery disease,"-!? data are lacking on the im- 
portant question of the effects of exercise on left ventricular performance 
and myocardial perfusion in such patients. Thus, Eckstein’s findings 
in the experimental animal have not yet been thoroughly evaluated in 
human beings. 

The application of radionuclide angiography to the evaluation of left 
ventricular performance during exercise has substantially enhanced the 
ability to assess cardiac performance and left ventricular functional 
reserve over that based on information obtained only at rest.!4-18 
Moreover, thallium-201.imaging provides a sensitive means of assessing 
myocardial perfusion and the adequacy of the functional reserve of the 
coronary arterial bed to maintain myocardial flow during exercise 
stress.!? Further, functional evaluation of the coronary arterial collateral 
vessels may best be accomplished by assessment of myocardial perfusion 
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during stress, ??-?? because previous data indicate that 
simple anatomic demonstration of collateral vessels by 
arteriography does not accurately show their ability to 
provide adequate myocardial blood flow during 
stress.?? 

'The present investigation was undertaken in patients 
with coronary artery disease to determine the effects of 
Standardized exercise training on intrinsic left ven- 
tricular performance and myocardial perfusion. Im- 
portantly, assessment of these variables both at rest and 
during exercise elucidated the influence of physical 
training on the functional reserve of left ventricular 
performance as well as myocardial blood flow. 


Methods 


Patients: Thirty patients with coronary artery disease re- 
ferred to the €ardiac Rehabilitation Center of The Methodist 
Hospital volunteered and qualified for the investigation. In- 
formed consent was obtained from all patients, and the pro- 
tocol was approved by the Institutional Human Investigation 
Committees. Patients with unstable angina pectoris, con- 
gestive heart failure or symptomatic ventricular arrhythmias 
were excluded. Although all 30 patients entered this study, 
only 16 completed the entire training program and constitute 
the study group to be discussed. 

All patients were men, with a mean age of 49 years (range 
33 to 67). Ten patients had a documented myocardial in- 
farction occurring at least 2 months before initiation of the 
exercise program. Nine patients underwent coronary arteri- 
ography which revealed significant (75 percent or greater 
stenosis of luminal diameter) coronary artery disease—three 
vessel disease in five, two vessel disease in one and single vessel 
disease in three. Only one patient did not have coronary artery 
disease documented either by previous myocardial infarction 
or coronary arteriography, or both. In this patient (Case 13) 
documentation of coronary artery disease was based on the 
combination of classic angina, an ischemic electrocardio- 
graphic response to treadmill exercise, exercise-induced re- 
gional myocardial hypoperfusion on thallium stress testing, 
and exercise-induced regional left ventricular wall motion 
abnormality and decrease in left ventricular ejection fraction 
on radionuclide angiography. Nine patients were receiving 
propranolol, 40 to 160 mg/day. These dosages were not altered 
during the exercise training protocol. 

Study protocol: Within 1 week before entry into the 
training program and after 12 weeks of training, all patients 
underwent maximal treadmill exercise testing using Bruce's 
protocol,?? resting and exercise thallium-201 scintigraphy and 
resting and bicycle exercise first pass radionuclide angiocar- 
diography. Post-training exercise thallium-201 scintigraphy 
and exercise radionuclide angiocardiography were performed 
at the same double product (heart rate X systolic pressure) 
measured in the pretraining studies. Although it is known that 
the double product is an approximation of myocardial work, 
we used this index as the best available method of standard- 
izing cardiac work at the time left ventricular performance and 
perfusion were measured. 

The following variables were measured during treadmill 
and bicycle exercise: duration of exercise and work load, heart 
rate, blood pressure and peak blood pressure-heart rate 
product. The rate of oxygen consumption was estimated from 
the treadmill exercise duration according to the method of 
Bruce et al.” in which the VO» max (in ml/kg per min) for men 
was 3.88 + (0.056 X duration of exercise in seconds). No pa- 
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tient used nitrates in the 12 hours preceding the exercise 
studies. 

Radionuclide angiocardiography: The pretraining first 
pass radionuclide angiocardiograms were performed in the. 
anterior projection on the day after thallium-201 scintigraphy, « 
in the resting state and immediately after maximal, symp- 
tom-limited upright bicycle exercise. A calibrated bicycle 
ergometer was used for the exercise. A load of 300 kp-m/min 
was used initially and increased by 150 kp-m/min every 3 
minutes. The patient pedaled at the standardized speed of 60 
rpm. An 18 gauge, 2 inch (5 cm) polyethylene catheter was 
secured in a large antecubital vein and the patient was allowed 
to rest for 15 minutes to minimize the effect of a possible in- 
crease in sympathetic discharge secondary to the venipunc- 
ture. 

Radionuclide angiocardiography was performed on a 
computerized multicrystal scintillation camera utilizing 
previously described techniques.2° Fifteen mCi of techne- 
tium-99m pertechnetate was injected intravenously in an 
injectate volume of less than 0.5 ml and flushed with 10 ml of 
saline solution. Throughout the duration of the study the 
patient sat on the bicycle ergometer with the feet placed on 
the bicycle pedal and the chest directly facing the camera 
detector head. Two minutes after completion of the resting 
study, the patient began to exercise. At the peak of maximal 
symptom-limited exercise, 15 mCi of technetium-99m per- 
technetate was injected. All data were obtained within 10 
seconds of the completion of the exercise, at which time the 
heart rate was always within 5 beats of the peak heart rate 
achieved during exercise. The data were acquired in frame 
mode at 50 ms intervals as the radionuclide traversed the 
central circulation. A time-activity curve containing from 3 
to 6 beats was generated from the left ventricular region of 
interest, and the ejection fraction was calculated according 
to previously described techniques.” Computer-generated 
rings representing the end-diastolic and end-systolic outlines 
were superimposed to afford evaluation of regional wall mo- 
tion. 

Radionuclide quantification of left ventricular ejection 
fraction was validated in our laboratory by comparison with 
angiographically determined ejection fraction in 20 patients 
with coronary artery disease, yielding a correlation coefficient 
of 0.90 (p <0.001). Furthermore, reproducibility of the tech- 
nique was assessed in a blinded fashion by one worker in 20 
additional normal subjects in the resting state, each studied 
30 minutes apart. The mean values for the first and second 
determination were 63 + 15 and 63 + 15 percent (mean + 
standard deviation), respectively (r = 0.97). The mean vari- 
ability and range of variability between the two studies were 
0 to 4 percent and 0 to 5 percent, respectively. Therefore, a 
significant increase or decrease in left ventricular ejection 
fraction from pretraining to post-training is defined as an 
absolute change of greater than 5 percent. Additionally, a 
normal response in absolute ejection fraction to maximal bi- 
cycle exercise as defined in our normal population is an in- 
crease of greater than 5 percent compared with the value at 
rest. 

Regional left ventricular function at rest and during ex- 
ercise was determined visually from computer-derived im- 
ages. Two independent observers, each unaware of the results 
of thallium scintigraphy and coronary arteriography, inter- 
preted all rest and exercise studies in a blinded manner. Two 
methods of analysis were used in this investigation. In the first, 
ventricular function at rest and on exercise was determined 
by the observers to be either normal ór demonstrating regionel 
dysfunction. The second method afforded a semiquantitative 


analysis of segmental performance at rest and on exercise. The 
systolic motion of each segment was scored as follows: 0 = 
normal wall motion, 1 = mild hypokinesia, 2 = severe hypo- 
. kinesia, 3 = akinesia and 4 = dyskinesia. A total score for each 
: patient was obtained by adding the score of all segments. 
Thus, a score of 0 was normal. 

Thallium-201 scintigraphy: For the pretraining study, 
1.5 mCi of thallium-201 as thallous chloride in saline solution 
was injected through a previously secured intravenous cannula 
in one arm and flushed with 5 ml of saline solution at peak 
treadmill exercise. T'he latter was determined by increasing 
angina, flat or downsloping S- T segment depression of 2 mm 
or greater compared with baseline of at least 0.08 second's 
duration beyond the J point in at least one of the 12 electro- 
cardiographic leads, and severe fatigue or dyspnea. The ex- 
ercise continued for 1 additional minute after the injection, 
and imaging was initiated within 5 minutes of the injection 
in every patient. A commercially available single crystal 
gamma camera equipped with an all-purpose, parallel hole 
collimator was utilized for imaging using previously described 
methods.1?2026,77 Briefly, counting was done with the peak 
height analyzer centered at 75 keV utilizing a 20 percent 
window. Images were obtained in the anterior, 40? left anterior 
oblique and 70? left anterior oblique projections. A total of 
300,000 counts, requiring 3 to 5 minutes for collection, were 
obtained in each position and repeated 4 hours after the 
treadmill exercise. The data were collected and stored in a 
dedicated microcomputer with capabilities for color display, 
contrast enhancement, background substraction and 
smoothing. The scintigrams were stored in floppy discs for 
later display and were subsequently interpreted on a 128 by 
128 matrix oscilloscope without knowledge of either the ar- 
teriographic or the electrocardiographic findings. 

The post-training scintigrams of each patient were com- 
pared in a blinded fashion with those obtained before 
training and judged to demonstrate increased perfusion, no 
change or a decrease in perfusion. Additionally, a semiquan- 
titative point score system was utilized which evaluated each 
anatomic region separately as previously described by us.?° 
This index consists of a point score system for each region as 
follows: 0 = normal perfusion, 1 = mild hypoperfusion, 2 = 
moderate hypoperfusion, 3 = severe hypoperfusion and 4 = 
nondetectable perfusion. A total score was obtained by adding 
the individual scores of each wall; a normal scintigram 
therefore had a score of 0. 


° Duration 
(sec) 


FIGURE 1. Peak treadmill exercise data in 16 patients 
before and after training. bpm = beats per minute; DP = 
maximal double product; HR,= peak heart rate; Est. VO» 
estimated myocardial oxygen consumption index; NS 
= not significant (p 20.05); p = probability. 
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Training protocol: The training protocol consisted of 
supervised walking, jogging or bicycling for 1 hour three times 
a week for 12 weeks. During all training sessions, the patient's 
electrocardiogram was monitored by telemetry. The exercise 
intensity was graded to maintain, for at least 20 minutes, a 
heart rate of 80 percent of the maximal rate achieved on the 
first pretraining treadmill stress test. 


Statistical analysis: Student's t test for paired data was 
used for statistical comparison of all measured variables before | 


and after the training. The Fisher exact test was used for in- 


tergroup comparison. All results are expressed as mean + - 


standard error of the mean. Assistance with statistical analyses 


was provided by the CLINFO Project supported by the divi- : 
sion of Research Resources of The National Institutes of . 


Health (Grant RR-00350). 


Results 
Effect of training on exercise toleranee: With one 


exception, all patients reported subjective improvement . 


in exercise tolerance and well-being after training. The 


mean heart rate at rest was lowered by training from 68 — 
+ 4 to 60 + 3 beats/min 3 (p <0.05). Five patients had . 


angina during the pretraining treadmill stress test, 
compared with only two patients after training; how- 
ever, ischemic S-T segment depression occurred in eight 
patients before training and in nine after training. 
Substantial improvement in exercise tolerance resulted 


from the training protocol (Fig. 1). The duration of the — 


treadmill exercise and estimated VO» were increased 
before subjects reached the equivalent heart rate-blood 
pressure product attained before training. Similarly, 
with regard to bicycle exercise, the patients were able 
to perform greater external work on the bicycle er- 
gometer before reaching the same heart rate and double 
product as before training (Fig. 2). The heart rate and 
double product during the exercise injection of thal- 
lium-201 and technetium-99m both before and after 
training were similar (p 70.05), as predetermined by the 
protocol design. 

Left ventricular performance: The group mean 
left ventricular ejection fraction at rest increased after 
the training period from 52 + 4 to 57 + 4 percent (p 
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FIGURE 2. Bicycle ergometer exercise (EX) data in 16 patients before 
and after training. DP = maximal double product; HR = peak heart rate; 
NS = not significant (p >0.05). Load (kp-m X 107°) refers to the total 
cumulative load. 


« 0.02). Ejection fraction at rest was increased (greater 
than 5 percent) in eight patients, decreased (more than 
5 percent) in two and was unchanged (less than 5 per- 
cent) in the remaining six patients (Fig. 3). The pre- 
training mean ejection fraction during exercise was not 
significantly altered after training (from 54 + 4 to 57 + 
5 percent; p 20.05). 

Before training, 10 of the 16 patients demonstrated 
an abnormal response in left ventricular ejection frac- 
tion to exercise (defined as a failure to increase more 
than 5 percent) (Fig. 3A); 6 patients had a normal in- 
crease in efection fraction during exercise stress (Fig. 
3B). On completion of the training protocol only 1 of the 
10 patients who had an abnormal response to exercise 
before training demonstrated a normal increase in ex- 
ercise ejection fraction. Three of the six patients with 
normal pretraining responses to exercise continued to 
exhibit a normal increase in exercise ejection fraction 
after training; three failed to demonstrate an increase 
greater than 5 percent after training. However, two of 
the latter three patients had an increase in resting 
ejection fraction after training to over 70 percent; cri- 
teria for defining a normal response to exercise at these 
high resting values are not established. 

With regard to segmental wall motion, four patients 
had a lower dyssynergy score at peak exercise after 
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FIGURE 4. Resting (RST) and exercise (EX) left ventricular wall motion 
index before and after training. 


training compared with the pretraining value; in three 
patients the score worsened. The mean dyssynergy score 
for the group as a whole was improved at rest after 
training (2.2 + 0.7 to 1.8 + 0.7; p <0.05). Dyssynergy 
scores obtained during exercise, however, were un- 
changed by the training period (2.4 + 0.6 before training 
to 2.2 + 0.7 after training; p 70.05) (Fig. 4). 

Left ventricular perfusion: After the 12 week ex- 
ercise training program, no patient demonstrated 
complete normalization of immediate postexercise 
myocardial perfusion by thallium-201 scintigraphy. 
Utilizing the point score system immediately after ex- 
ercise demonstrated that perfusion was improved in 3 
patients, worsened in 3 and unchanged in 10 compared 
with the pretraining values. At the time of redistribution 
of thallium-201 4 hours after exercise, two patients 
demonstrated complete normalization of abnormal 
pretraining myocardial redistribution after the training 
protocol. By the point score system, four patients had 
improved perfusion on 4 hour redistribution imaging 
after the training protocol, whereas two demonstrated 
decreased myocardial perfusion. Thus, for the group as 
a whole, the 12 week training protocol had no effect (p 
70.05) on myocardial perfusion assessed by thallium- 
201 scintigraphy (Fig. 5). 


Discussion 


That subjective improvement in exercise tolerance 
can be achieved by exercise training in patients with 


FIGURE 3. Individual changes in resting ànd exercise left 
ventricular ejection fraction (EF) before and after training, 
A, 10 patients with abnormal pretraining left ventricular 
reserve; B, 6 patients with normal left ventricular reserve 
before training. EX — exercise; Post — after training; Pre 
Post = before training; RST = resting. 


coronary artery disease has been noted since Heberden's 
account?? of a patient with angina who was “nearly 
cured" after a 6 month period of sawing wood for half 
` an hour a day. Objective documentation of improved 
exercise tolerance has also been reported by various 
investigators.?-3:9:10,12,13,29,30 Our data confirm these 
previous reports, because our patients were able to ex- 
ercise longer on the treadmill and to perform greater 
external work on the bicycle ergometer before reaching 
the same double product as before training. Thus, ex- 
ercise training in patients with coronary heart disease 
affords the performance of greater external work for a 
given estimated amount of cardiac oxygen consump- 
tion. 

Previous clinical data are incomplete, however, re- 
garding the mechanism for improved exercise tolerance 
in patients with coronary artery disease. Thus, it is 
unknown whether the enhanced exercise tolerance in 
patients is a result of adjustments in the peripheral 
circulation, improvement in intrinsic left ventricular 
performance, an increase in myocardial blood flow 
through functional development of coronary arterial 
collateral vessels with a resultant decrease in exercise- 
induced ischemia, or a combination of these mecha- 
nisms. 

Effect of training program on ejection fraction: 
To evaluate this important issue, in the present inves- 
tigation left ventricular ejection fraction was utilized 
as an index of pump performance both at rest and 
during exercise. In the resting state an increase (greater 
than 5 percent) in ejection fraction occurred after 
training in eight patients. Because the resting heart rate 
decreased after training, the possibility must be con- 
sidered that the lengthened diastolic filling period with 
augmentation of stroke output by the Frank-Starling 
mechanism may have contributed to the increase in 
ejection fraction in these patients. However, previous 
echocardiographic studies?! indicate that minimal 
changes in internal left ventricular dimensions occur 
over a wide range of heart rates, thereby suggesting that 
the small decrease in resting heart rates observed in our 
patients was not the cause of the increased ejection 
fraction. Furthermore, only three of our eight patients 
who demonstrated an increase in resting ejection frac- 
tion after training had a pretraining resting ejection 
fraction of less than 50 percent, and the value in these 
was not severely depressed (39, 46 and 40 percent re- 
spectively). Thus, training was related to improvement 
in resting ventricular performance in patients with 
relatively well preserved ventricular function rather 
than in those with more impaired function. Patients 
who had a post-training increase in ejection fraction at 
rest demonstrated a higher (p «0.05) pretraining ejec- 
tion fraction response to exercise and lower (p «0.05) 
wall motion and myocardial perfusion scores than did 
patients without a post-training increase in resting 
ejection fraction. Interestingly, there were no differences 
(p 20.05) in these two groups with regard to the number 
ef previous myocardial infarctions, propranolol use, 
ejection fraction at rest, exercise double product before 
training or magnitude of increase in the duration of 
treadmill exercise after training. 
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FIGURE 5. Resting (RST) and exercise (EX) left ventricular myocardial - 


perfusion index before and after training. 


After completion of the training protocol, six patients 
had an increase (greater than 5 percent) in the left 


ventricular ejection fraction during exercise compared — 
with the value before training; however, the mean values - 


attained during exercise for the entire study group were 
unchanged (p >0.05). In five of these six patients, the 
ejection fraction at rest increased (greater than 5 per- 
cent) after training so that the values achieved during 


exercise may have resulted in part from the improved - 
level of performance before exercise stress. Only one | 
patient with an abnormal response to exercise (less than | 


9 percent increase in ejection fraction) before training 
had a normal response after training (60 to 64 percent 


before compared with 62 to 75 percent after training). 
Further, no change occurred in the extent of the de- - 
crease in exercise ejection fraction after training com- 
pared with that before training in the four patients who | 


had a decrease (greater than 5 percent) 'in ejection 


fraction during exercise before the training program. - 
Thus, our data indicate that among a cross section of | 
patients with coronary artery disease selected only for - 


their ability to complete an exercise training program, 
left ventricular functional reserve relative to systolic 
performance during stress is not generally influenced 
by physical conditioning. 

Effect of training program on myocardial per- 





fusion: Data are lacking concerning the effect of exer- — 
cise training on myocardial perfusion in patients with — 
coronary artery disease. Our findings indicating no | 


detectable alteration in perfusion at rest are consistent 
with previous angiographic studies!®!! that failed to 
detect an increase in collateral vessels after training. 
Perhaps more important are our data evaluating myo- 
cardial perfusion during exercise, which is a more sen- 
sitive marker of the adequacy of myocardial blood 
supply. If regular exercise training does enhance the 
utilization and development of coronary collateral 
channels, which are important in a functional sense, one 
would expect improvement in myocardial perfusion 
during exercise-induced stress. Our findings, however, 
indicate no alteration in myocardial perfusion during 
similar cardiac work loads before and after completion 
of the12 week training protocol. Of particular interest 
is the failure to demonstrate improved myocardial 
perfusion after training even in the subgroup of six pa- 
tients without previous myocardial infarction. 
Patients with coronary artery disease versus 


normal subjects: Our findings differ from those ob- - 


| 


| 
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servedein normal subjects. DeMaria et al. demonstrated 
in normal subjects undergoing 11 weeks of endurance 
training increases in left ventricular end-diastolic di- 
mension and fiber shortening velocity as well as in- 
creased left ventricular mass. Similar findings indicating 
that young normal subjects undergo functional and 
Structural cardiac changes as a result of intense exercise 
training have been reported by other investigators.*^ 
These adaptations to physical stress also appear to be 
rapidly reversible. Nonetheless, our results appear to 
agree with those of Neill and Oxendine?? conducted in 
the experimental animal. After chronic coronary oc- 
clusion, exercised dogs had better epicardial collateral 
vessels than did sedentary dogs, but no difference in 
regional myocardial blood flow occurred during pacing 
stress. However, the effect of exercise training on cor- 
onary flow continues to be controversial. A recent study 
by Heaton et al.?? in the experimental animal concluded 
that, after training, collateral flow to underperfused 
endocardium increased. Additionally, recent clinical 
evidence! indicates that, despite the ability to achieve 
greater treadmill exercise duration, no alteration in left 
ventricular ejection fraction measured at rest occurred 
in patients with coronary artery disease after 12 to 42 
months of exercise training; no assessment of left ven- 
tricular performance or myocardial perfusion during 
exercise was carried out. 

Potential limitations of the study: The protocol in 
this investigation was designed to assess the effects of 
exercise training on left ventricular performance and 
myocardial perfusion at constant pre- and post-training 
cardiac work loads as determined by the rate-pressure 
(double) product. Although the double product is a 
useful index of myocardial work load, it fails to take into 
consideration alterations in left ventricular volume and 
therefore wall tension. Additionally, the response of 
cardiac function and myocardial blood flow to maximal 
cardiac work after training was not examined in this 
investigation. Certain patients might have achieved a 
higher double product during their post-training 
treadmill or bicycle stress tests had they not been 
stopped on attainment of the pretraining double 
product. Thus, some patients who failed to demonstrate 
an increase in post-training ejection fraction might have 
had an increase in this variable if they had been allowed 
to continue exercising. However, several points argue 
against this possibility. First, at the same double 
product there was no apparent improvement in post- 
training myocardial perfusion. Further exercise to a 
higher cardiac work load might even have exacerbated 
evidence of myocardial ischemia. Additionally, most 
patients achieved substantially higher levels of esti- 


mated VO» max after training at double product levels 
equivalent to pretraining values. Although it is not 
known what double products would have been attained 
if the patients had been allowed to continue exercise, ' 
it appears unlikely that this index would have continued 
to increase because several patients were essentially at 
symptom-limited maximal levels of exercise when they 
were stopped. Finally, it is just as likely that patients 
demonstrating no change or an insignificant (less than 
5 percent) decrease in ejection fraction during exercise 
after the training program may have evidenced de- 
creases (greater than 5 percent) in this index at higher 
cardiac work loads. 

The use of propranolol in nine of our patients de- 
serves comment. Because this beta adrenergic blocking 
agent limits exercise heart rate, the ability to achieve 
a training effect while taking propranolol has been 
questioned. We recently demonstrated? that a training 
effect may indeed be attained even in patients with 
coronary artery disease receiving long-term therapy 
with large doses of the drug. 

Ten patients who completed the training protocol 
in the present investigation had evidence of previous 
myocardial infarction. An issue of potential concern 
therefore involves the likelihood of demonstrating im- 
provement in left ventricular performance or myocar- 
dial perfusion in patients with myocardial scar. How- 
ever, there were no differences in the number of patients 
manifesting improvement in either myocardial perfu- 
sion or ejection fraction among those with or without 
previous myocardial infarction. Moreover, four of the 
patients with myocardial infarction had normal left 
ventricular ejection fraction at rest. 

Implications: These data indicate that regular sub- 
maximal physical exercise carried out for 12 weeks in 
patients with stable severe coronary artery disease re- 
sults in minimal improvement in resting left ventricular 
systolic performance and no demonstrable change in 
abnormal myocardial perfusion. Furthermore, no im- 
provement in either left ventricular or coronary arterial 
functional reserve occurred as assessed at rest and 
during exercise at the same double products before and 
after training. Thus, the well documented beneficial 
effects of regular submaximal exercise in patients with 
coronary artery disease including extended exercise 
duration and reduced ischemic symptoms appear to 
result from mechanisms other than intrinsic caydiac 
benefit. 
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To study the effect of exercise on left ventricular ejection fraction in pa- 
tients with congestive cardiomyopathy and the relation of the response 
to the origin of the myocardial dysfunction, 30 patients with a severely 
reduced ejection fraction (30 percent or less) were evaluated with ra- 
dionuclide angiography. Group | consisted of 16 patients with ischemic 
cardiomyopathy and a mean (+ standard deviation) resting ejection 
fraction of 22.3 + 6.1 percent. Group Il was composed of 14 patients with 
primary cardiomyopathy and a mean resting ejection fraction of 19.3 + 
4.7 percent. The mean age, left ventricular end-diastolic pressure, cardiac 
index and resting left ventricular ejection fraction of Groups I and Il were 
similar; however, the change in the ejection fraction during similar levels 
of exercise differed significantly. The mean exercise ejection fraction 
decreased to 16.7 + 6.8 percent in Group I, but increased to 24.6 + 6.4 
percent in Group Il (p « 0.001). Thus, exercise usually results in a direc- 
tionally opposite change in left ventricular ejection fraction depending 
on the origin of the congestive cardiomyopathy. 


Severe impairment of left ventricular function may result from occlusive 
coronary artery disease (ischemic cardiomyopathy)! or direct involve- 
ment of the myocardium by a pathologic process (primary cardiomy- 
opathy).? The clinical manifestations of these disorders are similar, 
making the differentiation between a coronary and primary myocardial 
origin difficult.? However, etiologic distinction of these congestive car- 
diomyopathies may be important because prognosis and therapy of the 
two conditions differ. 

Left ventricular ejection fraction has received broad clinical use as 
a measure of systolic performance, with a reduced ejection fraction being 
a sensitive indicator of left ventricular dysfunction.4~’ Gated éardiac 
blood pool scanning has been found to be a reliable technique for 
quantitation of ejection fraction, both at rest and during exercise.5-!? 
Normally with supine exercise, the left ventricular ejection fraction will 
increase 10 to 15 percent over the resting level.!! In patients with coro- 
nary artery disease, a decrease or no change in the left ventricular ejec- 
tion fraction during exercise has been indicative of ischemia-induced 
regional or global left ventricular dysfunction.®:!” 

In patients with congestive cardiomyopathy, resting gated cardiac 
blood pool scans have also been found useful in assessing cardiac per- 
formance.!?-15 However, radionuclide assessment of left ventricular 
function during exercise in patients with a severely reduced ejection 
fraction has not been systematically evaluated. The purpose of the 
present study was to assess the effect of exercise*on the left ventricular 
ejection fraction in patients with significant preexistent myocardial 
dysfunction, and to determine if the derived values would be helpful in 
distinguishing ischemic from primary cardiomyopathy. 
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Methods 


Study patients (Table I): Thirty consecutive men who had 


- a clinical history of congestive heart failure and a left ven- 


tricular ejection fraction at rest of 30 percent or less by gated 
cardiac blood pool scanning were entered into the study. Pa- 
tients were excluded if they had a history of unstable angina 
pectoris, recent myocardial infarction (less than 3 months 
before the study), recent hospitalization for congestive heart 
failure (less than 1 month before the study), hemodynamically 
significant valvular or pericardial heart disease, or myocardial 
involvement associated with a systemic disease. 

Group I consisted of 16 patients aged 54 to 72 years (mean 
60.3) who had ischemic cardiomyopathy defined as left ven- 
tricular dysfunction due to myocardial damage from occlusive 
coronary artery disease. Criteria for this diagnosis included 
roentgenographic evidence of cardiomegaly (cardiothoracic 
ratio greater than 50 percent), left ventricular dysfunction 
without a discrete left ventricular aneurysm and greater than 
70 percent luminal diameter narrowing (as determined in 
selective coronary arteriography) in the coronary arteries 
supplying the affected myocardium. 


Group II consisted of 14 patients aged 36 to 73 years ¢mean 
55.6) who had primary cardiomyopathy, defined as left ven- 
tricular dysfunction due to myocardial damage from an un- 
identified pathologic process directly involving the myocar- 
dium. Criteria for this diagnosis included roentgenographic 
evidence of cardiomegaly (cardiothoracic ratio greater than 
50 percent), and left ventricular dysfunction in the presence 
of normal or minimally narrowed (less than 50 percent luminal 
diameter) coronary arteries, as determined by selective cer- 
onary arteriography. 

All patients were receiving digitalis, nitrates, diuretic drugs 
and prazosin or hydralazine during the cardiac catheterization 
and radionuclide studies. No patient was receiving antiar- 
rhythmic, beta blocking or calcium antagonist agents during 
these studies. No alterations in the patients’ drug regimens 
were made between studies. The cardiac catheterization and 
radionuclide studies were performed within 2 weeks of each 
other. 

Radionuclide studies: Patients were studied in a non- 
sedated, postabsorptive state. No patient had evidence of 
decompensated congestive heart failure at the time of study. 
Radionuclide angiography was performed with the subjects 

















TABLE | 
Patient Profiles 
LVEF Baseline Exercise 
Age NYHA CT 
Case (yr) Class !6 LVEDP CI R Ex HR SBP HR SBP Ratio 
Group ! (ischemic cardiomyopathy) 

1 60 IV 18 2.1 19 15 64 110 130 150 0.52 

2 54 Hl 14 2.3 28 21 80 120 136 150 0.58 

3 67 Hl 14 2.5 24 11 66 126 143 135. 0.60 

4 61 I 21 2.8 30 21 70 118 136 160 0.58 

5 63 Il 10 3.6 28 19 76 130 115 160 0.56 

6 60 Il 18 2.4 26 22 70 110 130 150 0.50 

7 60 IV 21 2.1 15 13 66 118 125 140 0.58 

8 72 IV 20 2.9 29 17 62 120 107 150 0.50 

9 54 IV 15 2.8 20 10 72 120 115 140 0.52 
10 58 IV 17 2.6 19 12 80 108 120 140 0.58 
11 56 IV 16 2.6 13 8 76 126 120 150 0.60 
12 58 I 18 3.3 30 35 60 126 150 170 0.58 
13 62 I 24 2.1 27 22 72 112 136 150 0.52 
14 60 Il 20 2.4 22 17 76 120 130 150 0.58 
15 61 IV 26 1.9 11 UTC 92 126 107* 140* 0.64 
16 58 I 12 2.2 16 8 72 120 130 160 0.56 
Mean 60.3 3.4 17.8 2.5 22.3 16.7 72 119 127 150 0.56 
+ SD 4.4 0.6 4.1 0.4 6.1 6.8 8.0 6.6 12.3 9.4 0.04 

Group II (primary cardiomyopathy) 
17 73 Il 18 2.3 20 25 82 118 115 150 0.56 
18 56 | 25 3.4 21 30 76 110 125 150 0.58 
19 58 Il 20 3.0 25 30 64 120 115 160 0.58 
20, 63 Il 23 2.9 25 31 66 120 130 150 0.56 
21 36 Il 12 3.6 26 32 70 116 125 160 0.60 
22 42 IV 25 2.2 16 12 14 120 107 150 0.56 
23 40 I 20 2.1 17 19 86 130 136 180 0.58 
24 66 Il 13 2.6 16 25 78 110 136 160 0.52 
25 68 I 17 25 25 30 80 120 150 170 0.56 
26 57 Il 15 2.9 22 26 80 120 143 160 0.60 
27 42 IV 16 2.0 18 15 62 126 125 150 0.58 
28 64 IV 19 2.1 13 VT 66 110 ^ 94* 130* 0.58 
29 58 IV 13 2.0 11 UTC 90 120. 130* 130* 0.62 
30 56 I 25 3.4 15 20 76 118 125 e -179 0.60 
Mean 55.8 2.9 18.6 2.6 19.3 24.6 75 118 124 155 0.57 
+ SD 11 0.8 4.4 0.5 4.7 6.4 8.5 5.8 14.3 14.0 0.03 
Probability (96) of difference: Group | versus Group II 
NS NS NS NS NS «0.001 NS NS NS NS NS 


* Values obtained at termination of incomplete test. 


Cl = cardiac index (liters/min per m?); CT = cardiothoracic ratio; Ex = exercise; HR = heart rate (beats/min); LVEDP = left ventricular end-diastolic 


pressure (mm 


Hg); LVEF = radionuclide left ventricular ejection fraction (%); NS = not significant; NYHA = New York Heart Association; R = rest; 


SBP = systolic blood pressure (mm Hg); UTC = unable to complete; VT = ventricular tachycardia. 
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% Radionuclide Ejection Fraction 
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FIGURE 1. Comparison of radionuclide ejection fraction with contrast 
angiography ejection fraction in 30 patients. Line of identity, correlation 
coefficient and regression equation are given. 


. in a supine position at rest and during maximal symptom- 
- limited bicycle exercise. A dose of 25 mCi of technetium-99m 
— pertechnetate dissolved in less than 1 ml of isotonic saline 
solution was injected 20 minutes after the intravenous ad- 
ministration of unlabeled pyrophosphate. Thirty minutes was 
allowed for equilibration of the tracer in the blood pool. An 
Anger camera was oriented in the anteroposterior and modi- 
fied left anterior oblique positions during supine rest to isolate 
the left ventricle in the field of view.? After images were ob- 
tained at rest, supine bicycle exercise was started at 25 watts 
and the work load increased in 25 watt increments every 2 
minutes. Exercise was terminated after reaching one of the 
following end points: severe dyspnea, fatigue preventing 
further exercise, chest pain or arrhythmia. Imaging started 
when the patient indicated moderate fatigue, and continued 
until the symptom-limited end point. Blood pressure was 
measured with an arm cuff sphygmomanometer at 2 minute 
intervals during exercise. A continuous lead II electrocardi- 
ogram was monitored and heart rate was recorded at 1 minute 
intervals. 

A standard commercially available nuclear medicine com- 
puter system (General Electric Med IV, Nova III) was used 
to define the end-diastolic perimeter. Data were acquired in 
frame mode at intervals of 50 to 55 ms at rest and 35 to 40 ms 
during exercise for a total of 200,000 counts/frame with 12,000 
to 14,000 counts in the left ventricular region of interest, which 
changed during the phases of the cardiac cycle, following the 
contracting ventricular border.?.!7 

The left ventricular ejection fraction was determined by 
computer-assisted analysis of the left ventricular time-activity 
curves according to the formula: 


(EDC — ESC) 
EDC 


where EDC = left ventricular end-diastolic counts, and ESC 
= left ventricular end-systolic counts after subtraction of the 
background counts. Excellent correlation of ejection fraction 
values obtained with radionuclide and contrast angiographic 
methods is well established9:!° and also occurred in our study 
of patients with an abnormal heart and a relatively narrow 
range of ejection fractions (Fig. 1). 

All radionuclide studies were interpreted, without 
knowledge of cardiac catheterization results, from the os- 
cilloscope by rapid continuous sequential display of the images 
recorded during the cardiac cycle. Regional and global con- 
traction of the left ventricle was scored qualitativély. Left 
ventricular contractility was assessed for three ventricular 
regions: septal, inferoapical and posterolateral. Myocardial 
contractility of each segment was scored as normal, mildly 
hypokinetic, moderately to severely hypokinetic or aki- 
netic. 


Ejection fraction = X 100, 
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Cardiac catheterization: Standard right and left heart 
catheterization was performed in all patients. Left ventricu- 
lography was performed in the 35? right anterior oblique 
projection and, if tolerated, the 55? left anterior oblique . 
projection. The right anterior oblique ventriculogram was * 
divided into five segments (anterobasal, anterolateral, apical, 
inferior and inferobasal) and the left anterior oblique pro- 
jection into three segments (anteroseptal, apical and pos- 
terolateral) for qualitative evaluation of the myocardial con- 
tractile pattern. Selective coronary angiography was per- 
formed with the Judkins technique and interpreted by two 
independent observers. 

Statistical methods: All data are presented as mean values 
+ standard deviation. Differences between ejection fractions 
obtained at rest and during exercise and differences between 
groups were determined with use of student's t test for paired 
and unpaired data, respectively. 'T'he criterion for significance 
was a probability (p) value of less than 0.05. 


Results 


Cardiac Catheterization 


The left ventricular end-diastolic pressure was 17.8 
+ 4.1 mm Hg in Group I and 18.6 + 4.4 mm Hg in Group 
II (p = not significant [NS]) (Table I). The cardiac index 
was 2.5 + 0.4 liters/min per m? in Group I and 2.6 + 0.5 
liters/min per m? in Group II (p = NS). 

Coronary angiography: Fifteen of the 16 patients 
in Group I had 70 percent or greater stenosis of the left 
anterior descending artery, the right coronary artery 
before the posterior descending artery and the left cir- 
cumflex artery or a major obtuse marginal branch. One 
patient had total obstruction of the proximal left an- 
terior descending artery as the only coronary stenosis 
present, the left circumflux and right coronary arteries 
being free of disease. Three of the 14 patients in Group 
II had 50 percent or less luminal stenosis involving one 
or more major coronaries; the remaining 11 had normal 
coronary arteries. 

Left ventriculography: All myocardial contractile 
segments were at least moderately hypokinetic in 15 of 
the 16 patients in Group I. The remaining patient in this 
group had normal contraction in three of eight seg- 
ments, the other five being akinetic. All patients in 
Group II demonstrated at least moderately severe hy- 
pokinesia of all contractile segments. Patients in both 
Groups I and II demonstrated segmental contraction 
abnormalities in addition to the global hypokinesia and 
could not be differentiated by the presence of ventric- 
ular asynergy. 


Radionuclide Ventriculography 


Ejection fraction: The resting ejection fractions in 
Group I ranged from 11 to 30 percent (mean 22.3 + 6.1) 
and in Group II ranged from 11 to 26 percent (mean 19.3 
+ 4.7) (p = NS). Fifteen patients in Group I were able 
to complete at least 4 minutes of exercise, allowing an 
exercise ejection fraction to be obtained. One patient 
discontinued exercise after 1.5 minutes because of dy- 
spnea and was excluded from further evaluation. 
Fourteen of the 15 patients who were able to exercise 
adequately showed a decrease in left ventricular ejection 
fraction. In the remaining patient, who had single vessel 


) 


Bye? 


coronary disease, ejection fraction increased with ex- 
ercise. Exercise left ventricular ejection fractions in 
Group I ranged from 8 to 35 percent (mean 16.7 + 6.8 


. percent) (Fig. 2). 


In Group II, two patients were unable to complete 4 
minutes of exercise, one patient becoming severely 
dyspneic after 1 minute of exercise and the other man- 
ifesting ventricular tachycardia after 30 seconds of ex- 
ercise. Both were excluded from further evaluation. The 
remaining 12 patients completed at least 4 minutes of 
exercise; 10 had an increase in ejection fraction with 
exercise and 2 had a decrease. The left ventricular 
ejection fractions in this group ranged from 12 to 32 
percent (mean 24.6 + 6.4) (Fig. 2). 

Among the 27 patients whose exercise ejection 
fraction was obtained, there was no statistically sig- 
nificant difference between values at rest (21.9 + 5.1 
percent) and during exercise (19.9 + 7.8 percent) 
(p 20.1). However, when these patients were classified 
in their respective groups, there was a significant de- 
crease between values at rest (23.1 + 5.6 percent) and 
during exercise (16.7 + 6.8 percent) in Group I (p 
<0.001), and a significant increase between values at 
rest (20.5 + 3.9 percent) and exercise (24.6 + 6.4 per- 
cent) in Group II (p <0.01). In addition, the difference 
between the exercise ejection fractions of Group I and 
Group II is significant (p <0.001) (Table II). 

Myocardial contractile pattern: The contractile 
pattern of the left ventricle was markedly abnormal in 
all patients studied at rest. Jn Group I, of 48 myocardial 
segments analyzed at rest, 3 were mildly hypokinetic, 
32 moderately to severely hypokinetic and 13 akinetic. 
The left ventricular myocardial contractile pattern 
during exercise could be evaluated in 15 patients. There 
was a generalized deterioration in 14 patients, 4 mani- 
festing akinesia of previously hypokinetic segments. 
One patient demonstrated improved contractility of one 
segment and unchanged contractility of another. In 
Group II, of 42 left ventricular segments analyzed at 
rest, 2 were mildly hypokinetic, 36 moderately to se- 
verely hypokinetic and 4 akinetic. Eight of 14 patients 
demonstrated a diffuse ventricular hypokinesia, which 
is characteristic of primary myocardial disease.!4 
However, six patients also had segmental left ventric- 
ular asynergy, an abnormality usually associated with 
coronary artery disease.?:!? Generalized improvement 
of ventricular contractility was demonstrated in 10 of 
12 radionuclide ventriculograms and deterioration in 
the remaining 2. No additional segmental changes oc- 
curred. 


Discussion 


Exercise in ischemic cardiomyopathy: Ventricular 
dysfunction can be the result of primary derangement 
of the myocardium or a disorder imposed by coronary 
arterial stenosis. Ischemic cardiomyopathy results from 
severely narrowed coronary arteries leading to global 
myocardial damage.* Although patients with such 
findings may be asymptomatic at rest, exercise quickly 
provokes substantial limitation from dyspnea arid an- 
gina. The extensive nature of the coronary arterial 
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FIGURE 2. Comparison of the changes in left ventricular ejection 
fraction produced by exercise in Group | (ischemic cardiomyopathy) 
and Group Il (primary cardiomyopathy). Vertical bars and open circles 
indicate range and mean, respectively. 


narrowing in patients with severe ischemic left ven- 
tricular dysfunction is apparent from the findings in our 
patients in Group I. Fifteen of the 16 patients had triple 
vessel disease, many with stenosis also involving minor 
coronary arteries. Such a reduction in coronary blood 
flow may be tolerated at rest but, with exercise, the 
myocardial metabolic demands increase, yet the flow- 
limiting coronary lesions prevent an appropriate aug- 
mentation in coronary blood flow required to maintain 
balance between myocardial oxygen supply and de- 
mand.!? These events further worsen the ischemic 
ventricular dysfunction and result in a reduction in left 
ventricular ejection fraction.!? 

Patients in Group I showed a further deterioration 
of left ventricular function during exercise as deter- 
mined by radionuclide scanning. There was a general- 
ized worsening of contractility and additional segmental 
wall contractile abnormalities developed in three pa- 
tients. The ejection fraction decreased in all but one 
patient, who is a striking exception. This patient had 
an extensive anterior myocardial infarction from an 
isolated proximal stenosis of the left anterior descending 
coronary artery. The myocardium perfused by this 
vessel was akinetic, accounting for the reduced resting 
ejection fraction. The circumflex and right coronary 
arteries were normal and, with exercise, these vessels 
may have provided an adequate augmentation in cor- 
onary blood flow to meet the increased myocardial de- 


TABLE Il . 


Left Ventricular Ejection Fraction (LVEF) at Rest and 
During Exercise 


p 
Group | Group Il Value 
LVEF 
Rest 23.1 X 5.696 20.5 + 3.996 NS 
Exercise 16.7 + 6.8% 24.6 + 6.496 «0.001 
p value «0.001 « 0.01 


NS = not significant; p = probability. 
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mands and, because no further myocardium was in 
jeopardy of becoming ischemic, ventricular function 
improved. 

Exercise in primary cardiomyopathy: Primary 
cardiomyopathy results from direct involvement of the 
myocardium by a pathologic process. The coronary ar- 
teries are patent and, therefore, myocardial function is 
limited by factors other than coronary blood flow. The 
ventricular musculature in primary cardiomyopathy is 
morphologically normal but functions poorly. These 
patients may not only be asymptomatic at rest, but also 
may have a remarkably well preserved exercise toler- 
ance despite a severe reduction in ejection fraction.!? 
In fact, 5 of the 14 patients in Group II were in New 
York Heart Association! functional class II, three being 
employed full time. Despite a similar degree of left 
ventricular impairment at rest, patients in Group II had, 
on the average, better clinical functional capability than 
did the patients in Group I (Table I). 

Because myocardial ischemia from coronary stenosis 
does not occur during exercise in patients with primary 
cardiomyopathy, ejection fraction must be dependent 
on factors other than myocardial perfusion. Ejection 
fraction can be altered by changes in preload, afterload 
and myocardial contractility. During exercise, patients 
with chronic left ventricular failure have a significant 
decrease in systemic vascular resistance.?? This decrease 
in afterload, associated with the increased myocardial 
contractility that occurs from normal sympathetic 
nervous system activation during exercise, probably 
allows for the increase in ejection fraction seen in the 
patients im Group II. Although the ejection fraction 
during exercise increased significantly in this group, the 
increase was blunted compared with that in normal 
subjects. This difference may in part be due to the 
limited ability to dilate resistance vessels during exer- 
cise in heart failure, as a protective mechanism to 
maintain systemic arterial pressure. Also, there is evi- 
dence that myocardial blood flow per unit mass of 
myocardium in patients with primary cardiomyopathy 
is decreased.?! These alterations would cause an earlier 
shift to anaerobic metabolism impairing exercise ca- 
pability and response.?? In addition, the abnormally 
functioning myocardium in patients with primary car- 
diomyopathy may not be as responsive to catechol- 
amines or sympathetic inotropy, thus blunting the rise 
in ejection fraction. 

Two patients in Group II had a decrease in ejection 
fraction with exercise; both had a resting left ventricular 
ejection fraction of less than 19 percent, a severely re- 
duced cardiac index and symptoms at rest. Most likely, 
the myocardial oxygen supply required to maintain or 


improve left ventricular function with exercise could not 
be achieved, causing functional myocardial ischemia 
and resultant left ventricular dysfunction. Because the 
patients with primary cardiomyopathy with the most - 
severe left ventricular dysfunction at rest manifested ' 
this relative ischemia and, hence, have a decreased 
ejection fraction with exercise, the exercise ejection 
fraction may be limited in differentiating patients with 
functional class IV symptoms. However, more patients 
with primary cardiomyopathy and class IV symptoms 
need to be evaluated before this limitation can be veri- 
fied. 

Clinical implications: Clearly, the exercise-induced 
change in left ventricular ejection fraction is different 
in Group I and Group II. Resting segmental wall motion 
abnormalities are not sufficient to distinguish one group 
from another. Although patients in Group I had more 
segmental contraction abnormalities, 6 of the 14 pa- 
tients with primary cardiomyopathy also had segmental 
ventricular asynergy, making this an insensitive index 
for differentiating patients with congestive cardiomy- 
opathy. Although the left ventricular ejection fraction 
response to exercise is capable of separating the ma- 
jority of patients with ischemic cardiomyopathy from 
those with primary cardiomyopathy, some patients 
would have been diagnosed incorrectly if this technique 
were used alone. One patient with ischemic cardiomy- 
opathy had an increase in ejection fraction with exercise 
because his left ventricular dysfunction was the result 
of an isolated coronary stenosis. This patient's re- 
maining viable myocardium, not restricted by flow- 
limiting coronary lesions, responded normally to exer- 
cise and produced the increase in ejection fraction. Two 
patients with primary cardiomyopathy showed a de- 
crease in ejection fraction with exercise. These two pa- 
tients had the most severe left ventricular dysfunction 
in Group II and during exercise were incapable of 
maintaining their resting marginal left ventricular 
compensation, and therefore the ejection fraction de- 
creased. However, with the information obtained by this 
noninvasive technique, ischemic cardiomyopathy could 
be differentiated from primary cardiomyopathy in 24 
of 27 patients without cardiac catheterization. In ad- 
dition, the one patient in Group I who demonstrated an 
increase in ejection fraction during exercise had no 
further myocardium jeopardized by coronary stenoses 
and physiologically resembles the Group II patients. 
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An analysis was made of clinical and electrocardiographic prognostic 
determinants of multiple vessel disease in 100 men, aged under 45 years, 
who survived a myocardial infarction. All patients underwent selective 
coronary arteriography within 1 year after sustaining a myocardial in- 
farction. Multivessel disease was present in 64 patients; 33 patients had 
single vessel disease and 3 had either normal coronary arteries or minimal 
lesions. Exercise stress testing, electrocardiographic location of the in- 
farction, total serum cholesterol and clinical features including body build, 
arterial blood pressure, smoking habits, family history of coronary artery 
disease and the presence of angina pectoris either before or after the 
acute event proved to be poor predictors of multiple vessel disease. Only 
74 percent of the patients were correctly classified by a discriminant 
function analysis. Thus, for prognostic reasons, coronary arteriography 
seems warranted in young patients after acute myocardial infarction, even 
in the absence of residual angina or multiple risk factors. 


The prognosis of patients with coronary artery disease mainly depends 
on the extent of left ventricular dysfunction and on the number, degree 
and location of coronary arterial lesions.'^? In young patients, for prog- 
nostic reasons, assessment of the extent and severity of atheromatous 
lesions by coronary arteriography is an attractive procedure. Never- 
theless, there may be hesitancy in performing this invasive technique 
in a patient whose condition is stable or even asymptomatic. 

In a group of young men who survived a first transmural myocardial 
infarction, we evaluated angiographically the extent of coronary artery 
disease. In addition, we examined the possibility of predicting the 
presence of multiple vessel disease using precatheterization clinical and 
electrocardiographic data. 


Methods 


Patient selection: All patients were men under the age of 45 years (mean + 
standard deviation 38.1 + 4.9) who had a first transmural myocardial infarction 
2 months to 1 year (mean 8.2 + 4.6) before coronary arteriography. We report 
the results of arteriography in 100 consecutive patients who met these criteria. 
World Health Organization clinical, enzymatic and electrocardiographic criteria 
for transmural infarction were employed.? 

Selective coronary arteriography: Coronary arteriography was performed 
utilizing the brachial arterial approach.^ Cineangiograms were obtained in left 
and right anterior oblique positions, including craniocaudal projections. A high 
definition Siemens 7 inch (18 cm) image intensifier, a total overframing optical 
system and a 35 mm Arritechno camera were used. 

Only 50 percent or greater luminal narrowing of the right coronary artery, the 
left anterior descending artery, the circumflex artery pr their major secondary 
branches was taken into account. Multiple stenoses of the same coronary artery 
were regarded as a single stenosis. When comparing the site of the arterial ste- 
nosis with the electrocardiographic location of the infarction, the usual classi- 
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fication of one, two or three vessel disease is irrelevant in pa- 
tients with a nondominant right coronary artery. For this 
purpose, the dominant circumflex artery was considered as 
two arteries, vascularizing the posterolateral and inferior areas 
of the myocardium. 

Precatheterization clinical and electrocardiographic 
data: The following data were examined with respect to their 
prognostic value in the prediction of multiple vessel disease: 
(1) family history of coronary disease, defined as the presence 
of ischemic heart disease (angina, infarction or sudden death) 
in at least one first degree relative under age 65 years; (2) 
cigarette smoking habits; (3) age, height and weight at the time 
of the acute myocardial infarction; (4) systolic and diastolic 
blood pressure measured the day after coronary arteriography; 
(5) total serum cholesterol (mg/100 ml), determined at the 
time of coronary arteriography; (6) blood group; (7) presence 
or absence of angina pectoris before the acute infarction; (8) 
presence or absence of angina pectoris after the acute episode; 
and (9) electrocardiographic location of infarction according 
to the criteria of Friedman.’ 

The results of a graded maximal cycloergometric exercise 
test were available in 42 patients. The test was performed 
using a protocol previously described. Thirty-two patients 
did not perform exercise, and 26 were excluded because of 
treatment with digitalis or beta receptor blocking agents. A 
horizontal or downward sloping S- T segment depression of 
0.1 mV or greater for at least 0.08 second beyond the J point 
was considered a positive response for myocardial ischemia. 
Because of the restricted number of patients, these results 
were not entered in the discriminant analysis. 

Statistical data analysis: Historical and electrocardio- 
graphic variables were categorized as present (— 1) or absent 
(7 2), whereas measured variables were analyzed as absolute 
values. The Statistical Package for the Social Sciences (SPSS) 
was used for the analysis of statistical data." Frequency dis- 
tributions and bivariate cross tabulations were computed first 
and chi-square or t tests were used to evaluate differences 
between patient groups. Data are expressed as mean values 
+1 standard deviation. 

A stepwise discriminant analysis was performed next to 
ascertain which factors, independently of each other, had any 
value for the prediction of multiple vessel disease. The final 
set of variables in this analysis includes the factors that best 
account for group differences. The program puts out the re- 
sulting discriminant function with coefficients (weights) in 
both nonstandardized and standardized units. The stan- 
dardized weights indicate the relative importance of the se- 
lected variable. The nonstandardized weights can be applied 
to each patient's raw measurements and the products added 
to compute the final discriminant score. This score is then 
compared with a point that separates best the group with 
multiple vessel disease from the group with single vessel dis- 
ease. Correct classification rates are computed separately for 
the group with multiple vessel disease (sensitivity) and the 
group with single vessel disease (specificity) as well as for the 
total population. 


Results 


Coronary angiographic findings: In 64 patients 
significant lesions of more than one major coronary 
artery were found; 33 patients had single vessel disease 
and 3 had either normal coronary arteries or only minor 
atheromatous changes. These three patients were in- 
cluded in the group with single vessel disease. 

Clinical correlations: The clinical features of all 
patients are summarized in Table I. Comparison of the 


TABLE | e 


Clinical Characteristics of the Total Patient Population 
(n = 100) 


Mean Value 
+ SD 

Age (yr) 38.14 4.9 
Height (cm) 17162 5.9 
Weight (kg) 76.1% 10:0) | —E 
Blood pressure (mm Hg) 

Systolic 128.9 + 16.4 

Diastolic 84.9 + 11.4 
Serum cholesterol (mg/100 ml) 271.4 + 65.4 
Cigarette smoking (n) 

<10/day 10 

10 to 20/day 10 

= 20/day 66 
Family history of CAD (n) 46 
Blood group A (n) 46 


CAD = coronary artery disease; SD = standard deviation. 


two patient subgroups (multiple versus single vessel 
disease) for these clinical data reveals two significant 
differences: a lower body weight (74.3 + 9.8 versus 79.1 
+ 9.7 kg) and a more frequent family history of coronary 
disease (58 versus 25 percent) in patients with multiple 
vessel involvement (Table II). 

Electrocardiographic correlations: The electro- 
cardiographic location of the infarction was related to 
the location of the coronary arterial stenoses (Table III). 
All 36 patients with an anterior infarction had stenosis 
of the left anterior descending coronary artery, except 
for 1 patient with a lesion in the left main stem. In five 
of these patients the lesion was located distal'to the 
origin of a normal first major diagonal branch. These 
five patients had an infarction electrocardiographically 
restricted to the anteroseptal area. All other patients, 
except two, had a lesion either proximal to or including 
the origin of the first diagonal branch. The extent of 
infarction in these patients is indicated in Table IV. One 
patient had a 60 percent left main stem lesion and one 
had a stenosis of both the major diagonal branch of the 
left anterior descending artery and the lateral branch 
of the circumflex artery. In the latter patients the in- 
farction was anteroseptal. 

In all but two patients with an inferior infarction, 
either the right coronary artery or a dominant circum- 
flex artery was involved. In one patient the coronary 
angiogram was normal, and one patient showed only 
moderate narrowing of the right coronary artery. 

All patients with combined locations of the infarc- 
tion had multiple vessel disease except for one patient 
with a posterolateral infarction with involvement of 
several lateral branches of the left circumflex artery. 

Bivariate analysis: The average number of involved 
arteries was 1.69 + 0.75, 1.94 + 0.85 and 2.4 + 0.70 in 
patients with anterior, inferior and combined infarction, 
respectively. The difference is not significant. 

The extent of coronary artery disease was related to 
the presence or absence or angina pectoris before in- 
farction (Table V). Multiple vessel disease was found 
in 54.3 percent of the 46 patients without and in 72.2 


April 1981 The American Journal of CARDIOLOGY Volum 47 811 





a 


CORONARY ARTERIAL LESIONS AFTER MYOCARDIAL INFARCTION—VANHAECKE ET AL. 


percent of the 54 patients with angina before infarction 
(p <0.01). 

The extent of coronary disease was related to the 
presence of residual postinfarction angina. Multiple 
vessel disease was found in 85.3 percent of the 41 pa- 
tients with residual angina and in 49.1 percent of the 59 
asymptomatic patients (p <0.03). Twenty-nine patients 
had both preinfarction and residual angina. 


"T 


A graded exercise test was available in 42 patients. 
Total work load performed, maximal heart rate 
achieved and percent of the predicted maximal heart 
rate achieved did not differ significantly in the groups 
with multiple and single vessel disease (Table VI). 

Multivariate analysis: Discriminant function 
analysis revealed four independent, noninvasive pre- 
dictors of multiple vessel disease: residual angina, family 








TABLE Il 
Clinical Features of Patients With Multiple Versus Single Vessel Disease * 
Multivessel Single Vessel 
Disease Disease 
(n — 64) (n = 36) p Value 
Age (yr) 38.7 t 4. 36.9 i 5.3 NS 
Height (cm) 17 1.39E" 5. 171.9 € 5.9 NS 
Weight (kg) 74.324 9. 79.12. 9:7 <0.05 
Blood pressure (mm Hg) 
Systolic 131.3 + 18. 125.0 + 12.3 <0.1 
Diastolic 85.9 + 11. 83.2 + 10.3 NS 
Serum cholesterol (mg/ 100 ml) 284.4 + 67. 257.6 + 65.5 <0.1 
Cigarette smoking (n) 
<10/day 3 (5%) [ET 
10 to 20/day 10 (16%) bs 
2 20/day 39 (6096) 27 (75%) NS 
Family history of CAD (n) 37 (58%) 9 (25%) <0.05 
Blood group A (n) 27 (42%) 19 (53%) NS 


* Values expressed as mean + standard deviation. 


CAD = coronary artery disease; NS = not significant; p = probability. 


TABLE Iil 


Electrocardiographic Location of the Infarction Site Versus the Number and Location of Significant Coronary Stenoses 





50 Percent or Greater Stenoses 








Electrocardiographic Left Main Left Anterior Postero- Mean Number 
Location of the Coronary Descending lateral Inferior of Involved 
Infarction n Artery Artery Branches Branches Arteries 
Anterior 36 1 35 12 12 1.69 
Inferior 52 0 28 23 50 1.94 
High lateral * 1 0 0 0 0 ed 
Posterior 1 0 1 1 1 s Aca 
Combined 10 0 9 10 5 2.40 
Total 100 1 74 45 66 1.86 





* This patient had a 40 percent stenosis of the left main coronary artery. 


TABLE IV 


Electrocardiographic Extent of Anterior Infarctions Versus 
Location of Coronary Stenosis 





Electrocardiographic Extent of 
Myocardial Infarction 





LAD e 
Stenosis >50% n AS AL AS+AL AS+HL 
1° diagonal 29 5 4 7 L^ E. 
included 
1° diagonal 5 5 0 0 0 
normal 





AL = anterolateral; AS = anteroseptal; HL = high lateral; LAD = left 
anterior descending coronary artery. 
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TABLE V 


Occurrence and Duration of Angina Before Myocardial 
Infarction Versus Extent of Coronary Atheromatosis 


Duration of 
Angina Before Patients SVD MVD 
MI (mo) (n) (n) (n) 
0 46 21 25 
«6 30 10 20 
26 24 . 5 19 & 


MI = myocardial infarction; MVD = multiple vessel disease; SVD 
= single vessel disease. 


3 mi 


history of coronary disease, electrocardiographic loca- 
tion of the infarction and total serum cholesterol (Table 
VII). On the basis of these four criteria, 74 of the 100 
patients were correctly classified as having either mul- 
tiple or single vessel disease (Table VIII). 


Discussion 


Frequency of multivessel coronary disease in 
young patients: Data on the relative frequency of 
multiple vessel disease in younger patients with docu- 
mented prior infarction are scarce and conflicting. 
Welch et al.? found multiple vessel disease in 69 of 109 
patients less than 40 years old. In contrast, among 218 
patients studied by Kovacsics et al.,? only 28 percent 
had arteriographic findings of multiple vessel disease. 
This variability is most likely due to patient selection. 
However, establishing the true incidence of multiple 
vessel disease in this patient group was not our major 
concern. Indeed, a substantial number of our patients 
were referred for coronary arteriography because of 
residual angina, and therefore were at higher risk for 
more extensive coronary arterial involvement. The in- 
cidence of multiple vessel disease in a random sample 
of the corresponding patient population is probably 
lower than the 64 percent we found. 

Patients with residual angina versus asymp- 
tomatic patients: As expected, most patients (35 of 41) 
who complained of residual angina had significant ste- 
nosis of more than one coronary artery. More surprising 
was the high number of patients (29 of 59) with multiple 
vessel disease in the asymptomatic subgroup. Very few 
angiographic data are available in asymptomatic young 
patients with a prior myocardial infarction. Kovacsics 
et al.? did not compare the angiographic findings in the 
subgroup with residual angina versus the asymptomatic 
patients. Perrin et al.!? reported on 12 such patients; 
half of them had multiple vessel disease. T'his correlates 
very well with our own findings. 

Patient characteristics: A comparison of patient 
characteristics in the subgroups with multiple versus 
single vessel disease reveals only two differences. 
Discriminant analysis confirmed that the more frequent 
family history of coronary artery disease in the former 
group has predictive value. We have no ready expla- 
nation for the slightly lower weight of patients with 
multivessel involvement; however, this finding was not 
of predictive value according to discriminant anal- 
ysis. 

Preinfarction angina: Patients with angina pectoris 
before acute infarction appear to have a higher risk of 
multiple vessel disease, and this risk seems to increase 
as the interval between the first anginal attack and the 
acute event increases. After residual angina was entered 
as a factor in the discriminant analysis, angina before 
infarction no longer appeared to be an independent 
predictive variable. This is related to the fact that most 
patients with residual angina also had preinfarction 
angina. 

[nferior versus anterior infarction: After a patient 
survives an inferior infarction, the likelihood of multiple 
vessel disease is greater than after an anterior infarction. 
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TABLE VI ° 
Results of a Graded Exercise Test in 42 Patients 
Maximal 
Total Work HR % of Positive 
Load Achieved Predicted Chest ECG 
Performed (beats/ Maximal Pain Response 
n (kg-m)* min)* HR* (n) (n) 
Total 42 7,939+ 151424 83413 7 Malis 
3,759 
MVD 29 7,760 + 148+21 82d 11 6 8 
3,321 
SVD 13 8,338 + 156 +29 84+ 16 1 0 
4,720 





* Mean + standard deviation. 
ECG = electrocardiographic; HR = heart rate; MVD = multivessel 
disease; SVD = single vessel disease. 


TABLE VII 


Results of Discriminant Function Analysis in Relation to the 
Prediction of Multiple Vessel Disease 





Coefficients 





Nonstan- Stan- 
Variable dardized dardized 

1. Residual angina (0 = neg- — 1.469 —0.678 

ative; 1 — positive) 

2. Family history of coronary artery —0.874 —0.418 

disease (0 — negative; 1 — positive) 

3. ECG—location of infarction site (1 =  —0.548 —0.339 

anterior; 2 — inferior; 3 — 
combined) 

4. Serum cholesterol (mg/100 ml) —0.004 —0.303 
Constant 3.170 us 
Centroid multivessel disease = —0.409; single vessel disease = 

0.727. 

TABLE VIll 


Classification of Patients Using the Results of Discriminant 
Function Analysis* 








Predicted Group 
MVD SVD 
Actual Group 
n n 96 n 96 
MVD 64 48 75 16 25 
SVD 36 10 28 26 72 





* Seventy-four percent of the patients were diagnosed correctly. 
MVD = multiple vessel disease; SVD = single vessel disease. 


'The mean number of signifieant stenoses is 1.92 and 
1.61 in the two groups, respectively. 'T'his difference was 
not significant in bivariate analysis, but on multivariate 
analysis inferior wall necrosis appeared to be an inde- 
pendent.predictor of more extensive arterial involve- 
ment. The large incidence of multiple vessel disease in 
patients with a previous inferior infarction was already 
noted by Miller et al.!! in an older patient population 
with a mean age of 53 years. A possible explanation 
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would be that in patients with multiple vessel disease 
sustaining a first infarction, mortality is higher with an 
anterior infarction, so that among the survivors the 
number of patients with an inferior infarction is 
greater. 

Although in the group with anterior infarction only 
five patients had an intact first diagonal branch of the 
left anterior descending coronary artery, the infarction 
in all of these patients was restricted to the anteroseptal 
area. When the first diagonal branch was included in the 
stenosis, the infarction was usually more extensive. Yet, 
this relation cannot be very strict, because the rate and 
degree of development of collateral circulation are im- 
portant determinants of infarct size. 

Predictive role of exercise stress test: The prob- 
lems in interpreting the results of exercise stress testing 
are now well recognized.!?-!^ In our well defined patient 
group the available exercise tests proved to be of little 
value in predicting multiple vessel disease. Indeed, only 
8 of the 29 patients with multiple vessel disease showed 
an ischemic electrocardiographic response. All patients 
with single vessel disease had negative findings on ex- 
ercise testing. The presence of chest pain and the total 
work load performed could not improve the predictive 
accuracy. In an older patient population Miller et al.!! 
also found that a positive electrocardiographic response 
predicted multiple vessel disease whereas a negative 
response was nonspecific. 

Predictors of multiple vessel disease: Discriminant 
analysis revealed that 4 of the 12 entered variables had 
predictive value for the presence of multiple vessel 
disease. However, on the basis of these four criteria, only 


74 patients were correctly classified. We consider this 
a rather low number since there was a 50 percent 
probability of classifying an individual patient in the 
correct group by mere chance. Thus, although an im- 
portant proportion of our patient group had multiple’ 
vessel disease, none of the studied variables alone or in 
combination had an acceptable accuracy in predicting 
the extent of coronary atheromatosis. 

'The value of thallium-201 stress scintigraphy and 
radionuclide stress angiography for this purpose has not 
been tested in our patient group. These relatively new 
noninvasive methods yield promising results in the 
detection of coronary artery disease,!?-!5 but their ac- 
curacy in predicting the extent of the disease appears 
limited. Thallium exercise scintigraphy has underesti- 
mated the extent of the disease in a substantial number 
of patients with multiple vessel disease and abnormal 
scintiscans.!^!? Similarly, radionuclide angiography 
during exercise detects only 58 percent of left circumflex 
arterial lesions in patients with multiple vessel dis- 
ease.17 

Implications: At this time, it is well accepted that the 
number of involved coronary arteries has strong prog- 
nostic implications. In addition, when the impact of 
coronary surgery on the longevity of patients with 
double and triple vessel disease becomes more clear, our 
finding may have important therapeutic implications 
as well. So long as no other method permits determi- 
nation of the extent of coronary artery disease with 
acceptable precision, we believe that coronary arteri- 
ography should be recommended for young patients 
who have survived a myocardial infarction. 
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The value of intraaortic balloon counterpulsation in limiting infarct size 
and improving survival was studied in patients with early transmural 
myocardial infarction complicated by acute heart failure. Thirty such 
patients, previously well, were randomly assigned to counterpulsation 
(14 patients) or standard therapy (16 patients). Counterpulsation was 
begun 4.8 to 13.7 hours (mean 7.1) after the onset of pain and continued 
for less than 1 to 11 days (mean 4.5). Peak creatine kinase was 1,794 
+ 846 IU/liter (mean + standard deviation) in patients receiving coun- 
terpulsation compared with 1,688 + 908 for those receiving standard 
therapy; cumulative creatine kinase was 3,590 + 1,936 IU/liter for patients — 
receiving counterpulsation and 2,945 + 1,803 for those receiving standard 
therapy. Hospital mortality was similar (counterpulsation, 7 of 14; standard 
therapy, 7 of 16 [p — 0.05 for 25 percent mortality reduction]) as was 
mortality at follow-up (counterpulsation, 8 of 14; standard therapy, 10 of 
16 [p = 0.09 for 25 percent mortality reduction|). Functional class at 
follow-up examination 1 to 36 months (mean 15) after infarction was also 
similar in the two groups. Counterpulsation did not appear to modify infarct 
size or to alter morbidity or mortality when initiated as primary therapy 
4.8 to 13.7 hours after the onset of symptoms of myocardial infarction. 


Intraaortic balloon counterpulsation has been used since 1968 for 
treatment of patients with myocardial infarction and its complications, 
notably cardiogenic shock and refractory left ventricular failure.!-5 Al- 
though it is acknowledged that myocardial ischemia is relieved and heart 
failure lessened in most patients while counterpulsation is in progress,®? 
the long-term benefits of counterpulsation have not been established.? 
Most published reports of counterpulsation in human beings have been 
favorable but none have included adequate controls and, in many, cor- 
onary arterial bypass surgery was employed during the acute phase of 
infarction. The aim of this study was to evaluate the benefit of coun- 
terpulsation in limiting infarct size and improving survival, through its 
use early after the onset of symptoms, without bypass surgery, in a 
randomized controlled trial. 


Methods 


Selection of patients: This study, a collaborative project involving St. Vin- 
cent's Hospital, Sydney, Australia, and Green Lane Hospital, Auckland, New 
Zealand, was begun in March 1976 and terminated in April 1979. During this 
3 year period approximately 1,800 patients with acute myocardial infarction were 
admitted to the two hospitals. The study was approved by ethics committees 
at both institutions. At St. Vincent's Hospital, counterpulsation had been used 
in 114 patients before the study was initiated; at Green Lane Hospital, coun- 
terpulsation had previously been used on only three occasions. 

Criteria for entry to the study were (1) Acute transmural infarction with either 
evolving Q waves or S-T segment elevation greater than 2 mm in at least two 
leads. (2) Onset of typical symptoms of infarction less than 12 hours before 
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randemization. (3) Unequivocal evidence of cardiac failure 
by clinical and radiologic criteria (minimal clinical evidence 
— dyspnea or pulmonary crepitations, or both, not attribut- 
able to bronchitis, S3 gallop or tachycardia greater than 100 
beats/min, or both; minimal radiologic evidence consisting of 
definite upper lobe vein distention on chest roentgenography; 
and, if clinical and radiologic evidence was doubtful, pulmo- 
nary arterial wedge or diastolic pressure greater than 20 mm 
Hg). (4) Absence of preexisting cardiac failure or other life- 
threatening disease. (5) Age less than 70 years. (6) Absence 
of contraindications to counterpulsation. 

Reasons for exclusion from the study included (1) failure 
to notify investigators within the appointed time (less than 
12 hours after onset of symptoms); (2) unavailability of sur- 
geons or balloon pump within the appointed time; and (3) 
reluctance of the attending physician to have a patient enter 
the trial. 

At Green Lane Hospital, all patients were considered for 
the trial. At St. Vincent's Hospital, patients with cardiogenic 
shock or florid pulmonary edema underwent counterpulsation 
electively; thus, patients entering the trial there usually had 
less severe heart failure than those in Auckland. (Despite this, 
there was no difference in results between patients undergoing 
counterpulsation and standard therapy at either institution.) 
Patients were randomly allocated to counterpulsation or 
standard therapy by an envelope system. At each hospital, an 
equal number of cards bearing the words *Counterpulsation" 
and “Standard Therapy" were placed inside opaque enve- 
lopes, shuffled thoroughly and numbered. These were then 
drawn in sequence. Envelopes were opened only after it had 
been determined that a patient fulfilled all criteria and that 
the surgical team could insert the balloon catheter without 
delay. After allocation, the purpose, procedure, hazards and 
possible benefits of the study were explained to each patient 
and informed consent was sought. Consent was obtained from 
all but ohe patient, who declined counterpulsation (which he 
had drawn) but consented to placement of monitoring cath- 
eters. This patient was treated in standard fashion but in- 
cluded in the counterpulsation group. 

Standard therapy: All patients had systemic and most had 
pulmonary arterial cannulation. In order to expedite definitive 
therapy, pulmonary arterial cannulation using a Swan-Ganz 
catheter was usually performed after randomization while the 
balloon catheter was being inserted, and often after counter- 
pulsation had already been started. All patients received 
oxygen (2 to 6 liters/min) by mask or nasal catheter. All were 
given furosemide (40 to 160 mg intravenously) as required for 
relief of cardiac failure, and heparin 20,000 to 30,000 IU/day 
by continuous infusion or by intermittent intravenous injec- 
tions every 4 hours. Pain was relieved by intravenous injection 
of morphine or meperidine. Lidocaine was administered in- 
travenously by bolus injection (100 mg) and continuous 
infusion for frequent, repetitive, early or multifocal ventricular 
ectopic beats, and after correction of ventricular tachycardia 
or fibrillation. Dopamine or norepinephrine was administered 
by intravenous infusion to patients with shock (defined ac- 
cording to our modification of the Myocardial Infarction 
Research Unit [M.I.R.U.] criteria). Patients who still had 
heart failure after 72 hours were djgitalized. No intramuscular 
injections were given. The condition of one patient on stan- 
dard therapy at St. Vincent's Hospital deteriorated into car- 
diogenic shock. Standard therapy was considered to have 
failed in this patient and he was, in accordance with the pro- 
tocol, treated electively with counterpulsation. His condition 
improved initially, but he died 5 hours later; for analysis he 
was retained in the standard therapy group. 

Counterpulsation: The balloon catheter was inserted 
. through a side graft into the femoral artery. Avco catheters 


816 . cdi The American Journal of CARDIOLOGY Volume 47 M 


and consoles were used throughout. Counterpulsation was 
continued electively for 3 to 11 days; the balloon catheter was 
removed when the patient's condition had been stable without 
evidence of heart failure for 48 hours. No patient underwent 


diagnostic angiography or cardiac surgery within the 1st’ 


month after infarction. 

Laboratory determinations: Blood was collected every 
2 to 4 hours during the first 24 hours, and every 4 to 6 hours 
thereafter for 72 hours. Creatine kinase was determined in 
these samples by a modification of the method of Oliver.? 
Cumulative creatine kinase was calculated using the modifi- 
cation by Norris et al.!? of the method of Sobel et al.!! In 12 
patients at St. Vincent's Hospital (7 given counterpulsation, 
5 given standard therapy), the MB isoenzyme of creatine ki- 
nase was determined by a modification of Mercer's tech- 
nique. !? 

Follow-up: Patients were transferred to a subacute or in- 
termediate ward when their condition had stabilized after the 
acute phase of infarction. After discharge from hospital, all 
patients were reviewed at regular intervals. None was lost to 
the follow-up study, which was conducted 1 to 36 (mean 15) 
months after the onset of infarction. 


Results 


Clinical features: Thirty patients entered the trial, 
15 at each hospital. Of the 30 patients, 14 drew coun- 
terpulsation and 16 drew standard therapy. Of the 14 
allocated to counterpulsation, only 11 underwent bal- 
loon pumping. One patient declined this therapy, and 
the balloon catheter could not be advanced beyond the 
aortic bifurcation in the other two. One of these three 
patients died on the 4th day; the other two were alive 
at 2 months (in New York Heart Association!? func- 
tional class II) and 34 months (functional class I), re- 
spectively. In analysis of the results, these 3 patients 
were included with the 11 who were actually treated 
with counterpulsation. Had they been excluded, or in- 
cluded with the group who underwent standard therapy, 
there would have been no difference in the interpreta- 
tion of enzyme data or morbidity or mortality rates. 

Table I gives details on patients entering the trial. 
There was no significant difference (p >0.05) between 
any of the clinical variables in the two groups, suggesting 
that the two groups at randomization were similar with 
respect to hospital and late prognosis. However, there 
was considerable variation within each group in the 
severity of heart failure and the prognostic index. 

Creatine kinase (CK) release: There was great 
variation in total release of creatine kinase within the 
counterpulsation and standard therapy groups, but no 
significant difference (p 70.05) between the two groups 
(Table II, Fig. 1). There was also no significant differ- 
ence (p 70.05) in the rate or duration of creatine kinase 
release. MB CK isoenzyme was measured in 12 patients 
because we were concerned that the surgical procedure 
of balloon catheter insertion may cause release of MM 
CK isoenzyme from skeletal muscle. There was no evi- 
dence of this; MB CK levels paralleled total creatine 
kinase levels in individual patients and, as with total 
creatine kinase, there was no significant difference (p 
70.05) in peak MB CK between-the two groups. ° 

Mortality: There was no significant difference (p 
>0.05) in hospital or long-term mortality in the two 
groups (Table II, Fig. 2). There were seven hospital 
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TABLE | 


Clinical and Hemodynamic Features of 30 Patients 
At Randomization 


IABP Control 
Number 14 16 
Male 12 12 
Female 2 4 
Site of infarct 
Anterior 11 12 
Inferior 3 4 
Previous infarct 2 5 
Age (yr) 60 (52-67) 54 (42-69) 
Norris prognostic index '^ 9.4 10.0 
(6.1—16.8) (3.4-16.4) 
Severity of heart failure 
Cardiogenic shock 1 3 
Pulmonary edema 8 10 
Moderate 5 3 
Heart rate! (beats/min) 86 + 21 89 + 18 
Arterial pressure! (mm Hg) 
Systolic 111+ 25 113 + 36 
Diastolic 74+ 14 73 + 19 
Pulmonary arterial pressure? 
(mean) (mm Hg) 24 6 29 - 8 
Delay from onset of symptoms rA 7.1 
to beginning of definitive (4.8—13.7) (3.0-14.0) 


therapy* (hours) 


* The beginning of definitive therapy was counterpulsation for IABP 
group and randomization for the control group. 

t Mean + standard deviation. 

IABP = intraaortic balloon counterpulsation. 


deaths in each group, one late death in the counter- 
pulsation group and three late deaths in the standard 
therapy group. 

Follow-up: At follow-up examination, disability, 
when present, was attributable to heart failure, except 
for one patient in each group considered to be in func- 
tional class II because of angina pectoris. There was no 
difference in morbidity between the two groups when 
patients in classes II and III were grouped together 
(Table II). We thought it proper to ignore the apparent 
advantage of counterpulsation over standard therapy 
when those in classes II and III were considered sepa- 
rately because the numbers were small and we had 
difficulty in deciding whether some patients were in 
class II or class III. 

Complications: Three patients in the counterpul- 
sation group had bleeding from the femoral cannulation 
site. All required blood transfusion. There were no other 
complications of counterpulsation. 

Cartliac surgery: Three patients underwent elective 
cardiac surgery during convalescence, two at 6 weeks 
and one at 1 year after infarction. Two of these patients 
(one counterpulsation, one standard therapy) had an- 
eurysmectomy with coronary arterial bypass for per- 
sistent heart failure, and one (counterpulsation) had 
coronary arterial bypass for angina. All recovered 
without incident. 


Discussion 


We began this trial in 1976 after 5 years' experience 
with counterpulsation.in patients with myocardial in- 
farction and acute severe heart failure. In our first 100 
patients, hospital survival was 34 percent in a group 
with cardiogenic shock (whose predicted survival rate 
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TABLE Il : 
Results of Treatment 
IABP Control 
Hemodynamic indexes 24 hours after 
randomization * 
Heart rate (beats/min) 93 + 17 103 + 22 
Arterial pressure (mm Hg) 
Systolic 75 $1 109 + 25.. 
Diastolic 122 + 15 65 123: 
Pulmonary arterial pressure 
(mean) (mm Hg) 22+6 21+5 


Creatine kinase (peak)* (IU/liter) 1,794 + 846 1,688 + 908 
Creatine kinase (integral)* (IU/liter) 3,590 + 1,936 2,945 + 1,803 


MB CK (peak)* (IU/liter) (n = 12) 243 + 159 224 + 98 | 

Duration of IABP (days) 4.5 (1-11) 

Death in hospital j 
<24 hours 2 4 i 
>24 hours 5 3 | 

Late death 1 3 

Survivor status (NYHA class) | 
Class | 2 3 I 
Class II 4 1 
Class III 0 2 El 
Class IV 0 0 | 





* Mean + standard deviation. 
IABP = intraaortic balloon counterpulsation; NYHA = New York Heart 
Association. 


was less than 10 percent) and 65 percent in a group 
without shock but with severe medically refractory left 
ventricular failure (whose predicted survival rate was | 
less than 50 percent). Within the latter group, the — 
hospital survival rate was 92 percent when counter- 
pulsation was started while ischemic heart pain was still — 
present and 43 percent when it was started.after isch- | 
emic pain had disappeared.!9 On the basis of these re- 
sults, we thought it reasonable in a controlled trial to j 

| 

| 





seek a 25 percent reduction in hospital and late mor- 
tality, with a similar reduction in cumulative release of 
creatine kinase, indicating decreased infarct size.10.1! 
Assuming a 50 percent mortality rate in control pa- 
tients, we calculated (using chi-square analysis) that 30 
patients would be needed in each group for a 25 percent 
reduction in mortality to be shown at the probability (p) 
level of less than 0.05. This was the initial objective. 
Design of study: After only 30 patients had been 
entered into the trial, no apparent difference emerged 
between the two groups with respect to hospital mor- 
tality, long-term mortality or infarct size gauged from 
cumulative release of creatine kinase. Indeed, hospital 
mortality and mean cumulative level of creatine kinase 
were slightly higher in the counterpulsation group than 
in the group undergoing standard therapy. In view of 
the invasive nature of counterpulsation and its potential 
complications (one of which—bleeding— had occurred), 
we considered it proper to review progress and decide 
whether the trial should be continued. Accordingly, we 
calculated the likelihood that the tridl would show the 
predicted difference if it were continued to include 60 
patients, together with the beta error!/— that is, the 
likelihood that small sample size had prevented the 
predicted improvement from becoming apparent at that 
time. | 
The long-term survival of patients undergoing | 
counterpulsation was slightly better than in those E 
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CONTROL 


Oo 


CK RELEASED x 10^? ( IU/L) 


O 40 80 120 O 40 


; TIME (hr) 


undergoing standard treatment. Assuming that the 
mortality rate in control patients were to remain at 63 
percent, we calculated that 14 of the next 16 patients 
allocated to counterpulsation would need to survive 
long-term for a 25 percent mortality reduction to be- 
come apparent at p <0.05. Again, using chi-square 
analysis, we calculated the likelihood of this occurring 
to be less than 5 percent. 

Table III shows beta error calculated according to the 

method of Feinstein!’ for both hospital mortality and 
long-term mortality. Additionally, this table shows beta 
error recalculated when the groups were rearranged so 
that only the 11 who underwent balloon pumping were 
included in the counterpulsation group whereas the 
other 19 constituted the standard therapy group. With 
either the original or rearranged groups, the probability 
was 5 percent or less that a 25 percent reduction in 
hospital mortality had been,missed because of the 
present sample size, and 10 percent or less that a 25 
percent reduction in long-term mortality had been 
missed. The table shows, however, that the likelihood 
is considerable—up to 42 percent—that a 10 percent 
improvement in mortality had been missed because of 
present sample size. 


4, 
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FIGURE 1. Cumulative release of 
creatine kinase (CK) in control pa- 
tients on standard therapy (left) and 
in patients treated with intraaortic 
balloon counterpulsation (1.A.B.P.) 
(right). Open circles represent pa- 
tients with inferior infarction and 
closed circles, patients with ante- 
rior infarction. 


80 120 


Our original design tested for a 25 percent reduction 
in hospital mortality with counterpulsation. Because 
this had been disproved at the 5 percent confidence level 
with only 30 patients entered in the study, and in view 
of the complications of this therapy, we decided that the 
trial should be discontinued. 

Reasons for lack of benefit from counterpulsa- 
tion: In view of our earlier experience, we were initially 
surprised that no benefit was apparent from counter- 
pulsation in patients with acute infarction and acute 
heart failure. However, the patients in the earlier study 
had shock or heart failure that was not responding to 
conventional therapy and their condition was deterio- 
rating despite such therapy, whereas in our present 
patients, counterpulsation was the initial definitive 
treatment. It is quite likely that in patients with re- 
fractory heart failure, counterpulsation is better than 
conventional therapy—which involves continuation of 
medication that is deemed already to have failed. As 
discussed, it is also possible that the benefit is less than 
the 25 percent that we had initially gauged from prog- 
nostic indexes and historical controls. 

We and others®® had attributed the benefit ef 
counterpulsation to relief of myocardial ischemia and 


COUNTERPULSATION 
N-14 


CONTROL 
N=16 


% SURVIVAL 


YEARS 


FIGURE 2. Life tables calculated by the method of Cutler and Ederer. 15 
Standard error of the mean at 3 years was 14 percent for patients 
treated with counterpulsation and 13 percent for control patients on 
standard therapy. 


limitation of infarct size. Our results in patients with 
continuing ischemic pain before counterpulsation!$ 
supported this view. In the present study, ischemic pain 
had usually subsided by the time the patients were 
started on counterpulsation, an average of 7.1 hours 
after the onset of symptoms. In 1976, when this trial was 
started, it was thought that interventions initiated up 
to 24 hours after the onset of symptoms could limit in- 
farct size and so reduce mortality from acute infarc- 
tion.!? This view was based largely on the time course 
of enzyme release from myocardium after infarction. In 
planning this trial it therefore seemed reasonable to 
assign patients randomly to treatment up to 12 hours 
after the onset of symptoms. Subsequent work has in- 
dicated that ischemic myocardial damage becomes ir- 
reversible well within this time. We have shown that in 
patients with acute infarction, administration of pro- 
pganolol leads to a decrease in enzyme release (and 
presumably, limitation of infarct size) only when the 
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TABLE Ill ‘ 


Beta Error!?: Chance of Missing Predicted Improvement in 
Mortality Because of Insufficient Sample Size 





Predicted Improvement (96 ) 


A. Patients as Initially Randomized: 





14 IABP, 16S 
Hospital mortality 25 0.05 
20 0.08 
10 0.19 
Long-term mortality 25 0.09 
20 0.16 
10 42 
B. Patients Grouped According to Therapy: 
11 IABP, 19 S 
Hospital mortality 25 0.02 
20 0.04 
10 0.11 
Long-term mortality 25 * * 0:05 
20 0.08 
10 0.21 





IABP = intraaortic balloon counterpulsation; S = standard 
therapy. 


drug is administered within 4 hours after the onset of 
symptoms, and not subsequently.!9 In animal studies, — 
propranolol?? and reperfusion?! have been shown to 
limit infarct size only when initiated within the first 4 
hours after coronary arterial obstruction. Studies of 
counterpulsation in dogs have shown limitation of in- 
farction and improved survival®?2; in these studies 
balloon pumping was begun within minutes after cor- 
onary arterial obstruction and was not delayed for many 
hours. 

On the basis of information that has become available 
after this trial was planned, it now seems unrealistic to 
expect that counterpulsation, begun an average of 7.1 
hours after the onset of symptoms, would have been 
found to limit infarct size and thereby improve survival. 
It is probable that ischemic damage had become irre- 
versible by the time treatment was assigned so that 
counterpulsation was started too late to be beneficial. 

Implications: We remain convinced on the basis of 
pathophysiologic principles, animal studies and clinical 
experience that counterpulsation has a role in the 
management of myocardial infarction. We believe that 
positive benefit is most likely to be demonstrated in 
clinical trials conducted in patients within the first 4 
hours after the onset of symptoms of infarction, and in 
patients with continuing ischemic pain and apparent 
“stuttering” infarction after the acute event.?? Such 
trials, although logistically difficult, are currently being 
planned. y 
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Two hundred two patients undergoing open radical mitral commissurotomy 
for mitral stenosis between 1967 and 1978 were evaluated. Follow-up 
data were obtained in 98 percent of patients (follow-up range 1 to 122 
months, mean 42). One hundred forty-four patients (71 percent) under- 
went only commissurotomy; 58 patients required associated cardiac 
procedures. One hundred twenty-eight patients (63 percent) had a history 
of rheumatic fever and 15 (7 percent) had undergone prior closed mitral 
commissurotomy. Preoperative emboli were recorded in 25 percent. 

Cardiopulmonary bypass and left atriotomy were utilized to perform 
a radical valvulotomy, not only eliminating the mitral valve gradient, but 
also opening the valve as much as possible without producing insuffi- 
ciency. The left atrial appendage was routinely checked for thrombus and 
usually closed with sutures. Induced aortic regurgitation by retrograde 
insertion of a perforated catheter was utilized to detect mitral insufficiency 
after commissurotomy. Mitral anuloplasty was performed when neces- 
Sary. 

The operative mortality rate was 1.7 percent and the long-term mortality 
rate 2.5 percent. Preoperatively, 155 patients (77 percent) were in New 
York Heart Association functional class Ill or IV. At follow-up examination, 
90 percent (178) were in functional class | or Il. Postoperative emboli were 
rare (3 percent), but occurred more often after preoperative embolism 
or failure to obliterate the left atrial appendage. Multifactorial analysis 
showed that the presence of a residual mitral gradient or regurgitation 
indicated a poor prognosis. The 5 year complication-free survival rate in 
this group was significantly less than that in patients without residual valve 
dysfunction (75 versus 87 percent, p <0.05). 

Open radical mitral commissurotomy appears to be a safe method for 
relieving valve obstruction. It allows removal of thrombus and oversewing 
of the left atrial appendage, which may reduce the possibility of significant 
postoperative embolic events. Reduction in turbulent blood flow by 
creating a widely patent and competent mitral valve diminishes pro- 
gressive valve fibrosis and generally obviates the need for future valve 
replacement. 


In the 5th through the 8th decades of this century numerous reports 
concerning the efficacy of closed mitral commissurotomy in the surgical 
treatment of mitral stenosis were published.!-? However, in 1971, Ger- 
mani et al. reported their successful results utilizing open mitral com- 
missurotomy in 100 cases and suggested that surgical correction of mitral 
stenosis using the closed technique be abandoned in favor of open 
commissurotomy. An earlier report from-our institution demonstrated 
the efficacy of open commissurotomy and the low rate of morbidity and 
mortality associated with this approach. Under direct vision and with 
strict attention to details, the surgeon can precisely split fused chordae 
tendineae and papillary muscles, debride calcium deposits and incise 
fused leaflets. Because this approach has produced excellent functional 
results postoperatively, open radical mitral commissurotomy has been 
used almost exclusively at New York University Medical Center for the 
correction of mitral stenosis since 1968. The results of 202 consecutive , 
cases since that time form the basis of this report. į 
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fi Methods 


Patients: Two hundred two consecutive patients who un- 
derwent open mitral commissurotomy for mitral stenosis at 
this institution between 1967 and 1978 were examined. The 
mean patient age was 50 years (range 13 to 73), and 91 percent 
(163 of 202) of the patients were female. One hundred forty- 
four patients underwent open commissurotomy alone; 58 re- 
quired associated cardiac procedures (Table I). Preopera- 
tively, 167 patients gave a history of congestive heart failure 
and 77 percent were in New York Heart Association? func- 
tional class III or IV. Forty-seven patients (23 percent) clas- 
sified in functional class I or II also underwent surgery. Indi- 
cations for operation in this group were recurrent emboli as- 
sociated with atrial arrhythmias, presence of a significant 
transmitral gradient (greater than 12 mm Hg) at catheter- 
ization, progressive cardiomegaly (cardiothoracic ratio greater 
than 0.55) and the finding of coincidental mitral stenosis at 
the time of surgery for another cardiac problem. Rheumatic 
fever appeared to be the cause of stenosis in 128 patients (63 
percent); only 5 patients gave a history of prior infectious 
endocarditis. Associated valve or coronary artery disease oc- 
curred in 71 patients (35 percent) (Table II). Fifteen patients 
had undergone prior closed mitral commissurotomy (from 2 
to 19 years earlier). Preoperative embolic phenomena were 
recorded in 50 patients (25 percent). 

Follow-up procedures: In order to obtain the most recent 
follow-up data possible in this group of postoperative patients, 
we employed a telephone survey involving detailed ques- 
tioning of each patient and his personal physician. This survey 
was augmented by further follow-up procedures in our car- 
diovascular surgical clinic where patients were directly seen 
and examined. We? have previously found this combination 
of personal examination augmented by telephone survey with 
each patient and his primary referring physician to be an ef- 
fective method of obtaining accurate follow-up data on large 
numbers of patients. Complete reevaluation by our clinic or 
the primary referring physician was obtained in 98 percent 
of the 202 patients operated on; the follow-up interval ranged 
from 1 to 22 months (mean 42). Six patients were involved in 
short-term follow-up studies for less than 12 months, the re- 
mainder having undergone surgery approximately 1 year or 
more before the institution of the survey. All elements of data 
collection were subjected to computer analysis. Survival and 
cumulative incidence curves were obtained by the life-table 
method of Kaplan and Meier.!? 

Operative technique: After median sternotomy, cardio- 
pulmonary bypass was instituted with the pump oxygenator 
and the heart was arrested. A left atriotomy was performed 
and the atrium examined for the presence of thrombus. 
Thrombectomy was performed when necessary and the left 
atrial appendage was routinely obliterated by oversewing it 
from within. The mitral valve was carefully examined and a 


TABLE | 


Operative Procedures Performed in 202 Patients 
Undergoing Open Mitral Commissurotomy (OMC) 








° y Patients 

Procedure (n) 

OMC only 144 
OMC + aortic valve replacement 25 
OMC + aortic anuloplasty 3 
OMC + tricuspid valve replacement 2 
OMC + tricuspid anuloplasty 17 
OMC + mitral anuloplasty 16 
OMC + coronary artery bypass 7 

- OMC + left atrial thrombectomy 40 
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decision made as to the efficacy of commissurotomy. Com- 
missures were incised widely to the region of the anulus but 
care was taken to avoid overcutting, which might produce 
regurgitation. When necessary, fused chordae tendineae and 
papillary muscles were incised and calcium was debrided. 

After radical commissurotomy, the aorta was unclamped 
and aortic regurgitation induced by insertion of a multiper- 
forated catheter through the aortic valve (Fig. 1). This tech- 
nique allows the surgeon to check the competency of the mitral 
valve at this juncture of the procedure. Mitral regurgitation 
when present was corrected by mitral valve anuloplasy or 
valvuloplasty, or both.!! Valve competence was again assessed 
in some patients by insertion of the surgeon's finger into the 
left atrium after defibrillation while the heart was in a dy- 
namic, beating state. 


Results 


Operative mortality rate and long-term survival: 
Complete follow-up studies (patient and physician 
contact) were achieved in 197 patients (98 percent). The 
operative mortality rate of open mitral commissurotomy 
was 1.7 percent (3 patients); all deaths occurred in pa- 
tients in functional class IV who required additional 
cardiac procedures. No deaths occurred in patients 
undergoing simple commissurotomy alone. Two late 
deaths occurred (at 3 and 12 months, respectively); one 
due to a gangrenous bowel (possible embolism) and the 
other to unknown cause. The overall mortality rate was 
thus 2.8 percent. Figure 2 depicts a 10 year actuarial 
survival curve for this group of patients and indicates 
a cumulative annual mortality rate of 0.8 percent (92 
percent survival at 10 years), which is analogous to that 
of the general population. 

Anticoagulant and thromboembolic complica- 
tions: Forty patients were treated with anticoagulation 
postoperatively, and the cumulative annual complica- 
tion rate was 0.79 percent. The cumulative annual in- 
cidence rate of recognizable embolic phenomena was 
0.34 percent. Because the overall incidence of embolic 
phenomena was so small, no correlation could be ob- 
tained with various other variables such as type of 
rhythm, use of anticoagulant agents, presence of pre- 
operative emboli or left atrial thrombus or obliteration 
of the left atrial appendage at surgery (Table III). Of 
great importance was the observation that 20 percent 
of all patients had left atrial thrombus at the time of 
commissurotomy. s 

Need for subsequent valve replacement or re- 
operation after commissurotomy: Twelve patients 
(6 percent) required subsequent mitral valve replace- 
ment because of failure of open mitral commissurotomy 


TABLE Il 


Preoperative Diagnosis of Patients Undergoing Mitral 
Commissurotomy 








Patients 

Diagnosis (n) 
Mitral stenosis . 202 ° 
Mitral stenosis + regurgitation 17 
Mitral + aortic stenosis 15 
Mitral stenosis + aortic insufficiency 33 
Mitral stenosis + coronary artery disease 6 

e e. 
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FIGURE 1. Method of inducing aortic regurgitation after open mitral 
commissurotomy in order to test for mitral regurgitation. A 10 French 
multiperforated oxygen therapy catheter is passed across the aortic 
valve after release of the cross clamp to produce left ventricular dis- 
tension and mitral valve closure. 


to correct permanently the underlying valve dysfunc- 
tion. Multivariate analysis was used to determine which 
factors might predict the need for such subsequent valve 
replacement and reoperation. Table IV and V clearly 
illustrate that the only two variables correlating sig- 
nificantly with the need for subsequent valve replace- 
ment were the presence of mitral regurgitation or re- 
sidual mitral stenosis (gradient greater than 3 mm Hg) 
after open mitral commissurotomy. 

Status of surviving patients: Table VI depicts the 
functional improvement in patients after open mitral 
commissurotomy. Preoperatively the majority of pa- 
tients (77 percent) were severely disabled. However, 
most (90 percent) returned to and remained in func- 
tional class I or II postoperatively. Of the 12 patients 
requiring reoperation for mitral valve replacement all 
had reverted to functional class IV before reoperation 
and represented the only postoperative patients in class 
IV in this study. 

Figure 3 presents in actuarial fashion the combined 
frequency or incidence of serious complications in all 
patients surviving open mitral commissurotomy. The 
rate of Complication-free survival was 82 percent at 5 
years and 66 percent at 10 years. Major complications 
considered were those relating to thromboembolic or 
anticoagulant problems, the need for subsequent mitral 
valve replacement, worsening of functional classification 
or increasing congestive heart failure. 


Discussion 


Advantages of open mitral commissurotomy: 
Surgical correction of mitral stenosis with long-standing 
functional improvement can be accomplished with ex- 
treynely low morbidity-and mortality rates when the 
technique of open mitral commissurotomy is employed.” 
With the current safety of cardiopulmonary bypass, 
there has been a marked decline in the use of a tradi- 
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FIGURE 2. Actuarial life-table analysis of 10 year survival in patients 
undergoing open mitral commissurotomy. Early and late deaths are 
included. Gen. — general; Op. — operative. 


tional closed digital commissurotomy, and mitral valve 
repair is generally accomplished by meticulous attention 
to details under direct vision. With the open technique 
we used a “radical commissurotomy or valvulotomy” 
can be performed. Debridement of calcium, precise 
splitting of fused chordae tendineae and papillary 
muscles and evaluation for mitral regurgitation after 
repair are easily accomplished. Such an aggressive ap- 
proach not only eliminates the mitral gradient but opens 
the valve maximally without producing insufficiency. 
These procedures probably prevent the progressive fi- 
brosis resulting from turbulent blood flow which'in turn 
can lead to early restenosis and the need for prosthetic 
valve replacement.!? 

This study and others show that open mitral com- 
missurotomy can be performed as simply as closed 
commissurotomy, and perhaps with even less mitral 
regurgitation.9.1?.14 There were no operative deaths in 
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FIGURE 3. Actuarial analysis of complication-free survival in patients 
after open mitral commissurotomy. Complications include increasing 
congestive heart failure, worsening of functional cardiac classification, 
need for reoperation for mitral valve replacement, and thromboembolic 
or warfarin-related complications. Operative deaths (3 patients) are 
excluded. f 
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TABLE Ill 
Postoperative Embolic Complications After Open Radical Mitral Commissurotomy 


Case 


LA Appendage 
Obliteration 


No 
Yes 
No 


> Wh 


No 


Yes 
Yes 


on 
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Follow-Up 


Atrial fibrilla- 
Atrial fibrilla- 


Atrial fibrilla- 


LA = left atrial; Postop = postoperative; Preop = preoperative. 


TABLE IV 
Correlation of Multiple Variables With Need for Subsequent 


Mitral Valve Replacement After Open Mitral 
Commissurotomy in 12 Patients Undergoing Reoperation 


Preoperative Variables 


Rheumatic fever 
Bacterial endocarditis 
Coronary artery disease 
Prior commissurotomy 
Mitral insufficiency 
Aortic valve disease 
Aortic stenosis 
Aortic insufficiency 
Pulmonary arterial pressure 
Cardiac output 
Left ventricular end-diastolic pressure 
Age 
Ventriculogram 
Preoperative mitral valve gradient 
Intraoperative variables 
Incision of fused papillary muscles 
or chordae tendineae 
Debridement of calcium 
Postoperative mitral gradient 
(greater than 3 mm Hg) 
Postoperative mitral regurgitation 


p Value 


<0.793 
<0.790 


<0.1236 


<0.510 
<0.622 


<0.726 
<0.228 
<0.470 
<0.763 
<0.741 
<0.784 
<0.584 
<0.057 


<0.855 


<0.566 
<0.015 


<0.010 


Embolus 
On Anti- 
Months Coagulant Preop 
Type Postop Therapy Embolus 

Cerebral 45 No Yes 
Cerebral 9 No Yes 
Cerebral 1 No No 
Superior 3 No No 

mesenteric 

artery 
Cerebral 23 Yes Yes 
Cerebral 1 No No 


any of the 144 patient in this series undergoing simple 
commissurotomy, and only three operative deaths oc- 
curred in 78 additional patients who had multiple pro- 
cedures. 

The technical advantages of an open technique in- 
clude the ability to visualize and remove otherwise oc- 
cult left atrial thrombus. The importance of this cannot 
be overemphasized because 40 patients (20 percent) in 
this series were found to have significant atrial throm- 
bus at operation. The presence of thrombus did not 
correlate with a history of prior embolization, a finding 
previously reported by others.!° 

The low annual incidence rate of postoperative 
embolic phenomena in our patients (0.3 percent) is 
probably related to the fact that oversewing of the left 
atrial appendage from within was routinely accom- 
plished, thereby obliterating a potential nidus for clot 
formation in the commonly fibrillating atrium. This 
extremely low postoperative incidence rate of embolism 
contrasted sharply with the preoperative incidence rate 
of approximately 25 percent. 

Long-term considerations: The success of mitral 








p = probability. commissurotomy must be judged by many criteria, not 
TABLE V 
Characteristics of Patients Undergoing Mitral Valve Replacement After Open Mitral Commissurotomy (OMC) 
Valve Status After OMC Months to h 
Reoperation 
Gradient for Valve Indications 
Case >3 mm Hg MR Replacement for Reoperation 
1 No No 33 MR 
2 No No 6 MR 
3 * Yes Yes 21 MR 
E No. Yes E MR 
5 ° No No 86 MR 
6 No Yes 9 MR 
f Yes Yes 7 MR 
8 No Yes 3 MR 
9 Yes Yes 9 MR + MS 
10 Yes No 48 MS 
11 No No 18 : MS * 
12 Yes No 46 MS 
MR - mitral regurgitation; MS — mitral stenosis. 
4 e 
e 
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TABLE VI 
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Pre- and Postoperative Functional Cardiac Classification in Patients Undergoing Mitral Commissurotomy 


Preoperative Class 


Postoperative Class * 





Class n (96) | II LU IV 
D RO—————— N E Mi EE Cs 

| 4 (296) 4 0 0 0 l 

Il 43 (2196) 37 6 0 0 

I 113 (56%) 64 39 7 0 

IV 42 (21%) 18 10 0 12 

Total 202 (10096) 123 (62%) 55 (2896) 7 (496) 12 (6%) 


* Excludes three operative and two late deaths. 
n — number of patients. 


the least of which is the need for subsequent reopera- 
tion. Our study illustrates that technical errors at the 
time of operation that result in either a residual valve 
gradient greater than 3 mm Hg or mitral regurgitation 
correlate significantly with the need for subsequent 
prosthetic valve replacement. Reoperation was needed 
in 6 percent of our patients, a rate much lower than that 
reported in several other series of patients undergoing 
closed commissurotomy.!?:!6!17 As observed by oth- 
ers,!-?! this lower incidence rate of reoperation prob- 
ably reflects the fact that a more thorough repair was 
accomplished eliminating fusion of the commissures 
and subvalve structures without injury to valve anato- 
my. However, because all 12 patients requiring reop- 
eration and mitral valve replacement were initially in 
functional class IV and remained so postoperatively, we 


again conclude that earlier commissurotomy would have 


resulted in improved results. 


The length of the follow-up period and the number - 


of patients in this survey is almost twice that of our 


earlier series and provides greater insight into the - 
long-term outlook for patients undergoing radical open - 
valve repair. Actuarial survival at 5 years was 96 percent - 


and 92 percent at 10 years with 90 percent of patients 
remaining in functional class I or II postoperatively. 
Severe postoperative complications rarely occurred. 

It would appear that use of an open technique of 
commissurotomy for mitral stenosis with radical repair 
leads to superior long-term results. Late restenosis or 
insufficiency need not be a sequel to commissurotomy 


when the proper technique and methodology are ap- 


plied. 
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The outcome after mitral valve replacement is influenced not only by the 
skill and experience of the surgical team and the type of prosthesis used 
but also by preoperative factors. This study was performed to assess the 
effect of such factors on early and late mortality and the rate of throm- 
boembolism after isolated mitral valve replacement in 545 patients. A 
Starr-Edwards prosthesis was used in 292 and a porcine heterograft in 
253 patients. The overall operative (1 month) mortality rate was 7 percent. 
Age at operation (19 or less versus 20 to 54 versus 55 or more years), 
type of mitral valve lesion, and heart rhythm did not influence operative 
or 3 year survival or rate of thromboembolism. A large cardiothoracic ratio 
(75 percent or greater) on standard anteroposterior chest radiograph was 
associated with a reduced operative survival rate (81 versus 95 percent, 
p <0.005) that was still evident at 3 years (67 versus 84 percent, p 
<0.005) and a higher incidence rate of thromboembolic events (90 versus 
98 percent thromboembolism-free rate, p <0.05) in the perioperative 
period. A large left atrial diameter (12 cm or more) was also associated 
with a reduced operative survival rate (85 versus 95 percent, p <0.05) 
but did not influence late survival or rate of thromboembolism. Cardiac 
catheterization was performed in 387 patients. A depressed cardiac index 
(1.5 liters/min per m? or less), elevated systolic pulmonary arterial 
pressure (100 mm Hg or greater), pulmonary vascular resistance (10 units 
or greater) or left ventricular end-diastolic pressure (20 mm Hg or greater) 
were not individually associated with an increased mortality or throm- 
boembolism rate. However, when grouped according to the presence or 
absence of one or more severely abnormal hemodynamic variables, 
patients with poor hemodynamics had a reduced operative survival (91 
versus 97 percent, p « 0.02), but survival at 3 years and rate of throm- 
boembolism were not significantly different in the two groups. 

Thus (1) patients with a large cardiothoracic ratio, large left atrium or 
poor hemodynamics have a reduced operative survival and should be 
managed with great care in the perioperative period because their late 
postoperative survival is not significantly different from that of patients 
without these derangements; and (2) thromboembolic events after mitral 
valve replacement are largely unrelated to preoperative factors. 


'The outcome after mitral valve replacement is influenced not only by 
the skill and experience of the surgical team and the type of prosthesis 
used but also by preoperative factors.! The effects of preoperative fac- 
tors, whether clinical, electrocardiographic, radiographic or hemody- 
namic, either in isolation or in combination, on both the mortality rate 
and the rate of thromboembolism after mitral valve replacement have 
been studied by many investigators.?-?? However, the findings of these 
different investigators have been conflicting, and conclusions drawn in 
the early period of mitral valve replacement do not necessarily reflect 
the present situation. 
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In this study actuarial methods are used to analyze 
the effect of a variety of preoperative factors on both 
operative and late mortality, as well as the rate of 
thromboembolism in a large group of patients after 
mitral valve replacement. 


Methods 


Patients: The study group comprised all patients who 
underwent isolated mitral valve replacement for the first time 
during the 10 year period, March 1969 to February 1979, in 
the Cardiac Clinic, Cape Town. Patients with mitral valve 
disease as a result of ischemic or complex congenital heart 
disease were excluded from this study. The presence of con- 
comitant aortic regurgitation (greater than 1+ on a scale of 
1+ to 4+)” or aortic stenosis also constituted a criterion for 
exclusion from the study. Patients who had undergone pre- 
vious cardiac surgery with cardiopulmonary bypass (mitral 
anuloplasty or valve replacement) were also excluded. How- 
ever, patients who had previously undergone closed mitral 
valvotomy, those who underwent simultaneous mitral valve 
replacement and tricuspid anuloplasty (58 patients) were 
included in this analysis. Six hundred eleven patients fulfilled 
these criteria. 

All patients had clinically severe mitral valve disease with 
dyspnea on mild exertion while on treatment with digitalis and 
diuretic agents (New York Heart Association?^4 class III or IV 
with treatment). The patients' age and preoperative cardiac 
rhythm in the electrocardiogram were noted. The cardiotho- 
racic ratio and left atrial diameter? were measured on the 
preoperative 6 foot posteroanterior chest radiograph. 

Cardiac catheterization: The minority of patients un- 
derwent catheterization during the initial period of the study 
while almost all patients underwent catheterization during 
the latter period. Adequate catheterization data were available 
for analysis in 387 patients. Left and right heart catheteriza- 
tion was performed with either the brachial or femoral ap- 
proach. Left ventricular end-diastolic pressure was measured 
from the left ventricular pressure tracing at the trough fol- 
lowing the a wave or 50 ms after the onset of the QRS complex. 
Cardiac output was measured using the computer analysis of 
the curve (Columbus Instrument Co., Columbus, Indiana) 
after injection of indocyanine green. Pulmonary vascular re- 
sistance was expressed in resistance units (dynes s cm-5)/ 
80. 

The mitral valve lesion was defined as follows: When no 
end-diastolic gradient was demonstrated on simultaneously 
recorded pulmonary arterial wedge and left ventricular dia- 
stolic pressure tracings and mitral regurgitation was demon- 
strated by left ventriculography, the lesion was designated 
"mitral regurgitation.” “Mitral stenosis" was considered 
present when a pandiastolic gradient was present across the 
mitral valve and no more than slight (1+) mitral regurgita- 
tion?? was evident in the left ventriculogram. Patients with 
mitral valve disease whose findings did not fall into either of 
these two categories were regarded as having “mixed mitral 
valve disease." In the 224 patients who did not undergo 
catheterization preoperatively, the mitral valve lesion was 
classified according to the surgeon's report on the appearance 
of the valve at operation. 

Surgery: The majority of patients in the initial period of 
the study received a cloth-covered Starr-Edwards mitral valve 
prosthesis (model 6300, 6310, 6320 or 6400). During the last 
3 years of the study, Hancock and Carpentier-Edwards glu- 
tafaldehyde-preserved porcine heterografts were used in 
preference to mechanical prostheses because of the inconve- 
nience of anticoagulant therapy. A small number of patients 
received a Lillehei-Kaster or Bjérk-Shiley prosthesis. 
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Follow-up analysis: Follow-up information was collected 
during examinations performed every 3 months, except in 
patients living at a distance from our institution from whom 
information was obtained by correspondence at yearly in- 
tervals. Actuarial methods?6 were used to calculate the percent 
of valves functioning satisfactorily, rates of patient survival 
and thromboembolism-free period, at the 1st postoperative 
month and then at yearly intervals to 3 years postoperatively. 
Satisfactory valve function was determined from the number 
of patients surviving who had not required reoperation for 
replacement of a malfunctioning prosthesis. Malfunction was 
due to thrombosis or excessive tissue ingrowth in the me- 
chanical prostheses and calcification or cusp rupture in the 
heterograft prostheses. Operative mortality was defined as 
death occurring at operation or within the 1st postoperative 
month. Thromboembolic events included valve thrombosis 
and embolic events associated with a functional deficit, 
whether transient or permanent. 

Statistical analysis: Results are expressed as the mean + 
standard error of the mean. Student's t test modified for un- 
equal variance (Welch t test) was used to test for significant 
differences in cumulative survival proportions when two 
variables were compared (for example, sinus rhythm versus 
atrial fibrillation). This analysis was preceded by an analysis 
of variance when more than two variables were compared (for 
example, stenosis versus regurgitation versus mixed valve 
disease). Discriminant analysis was also performed on the 
preoperative factors studied. The significance of the associ- 
ation between factors was then tested by chi-square analysis. 
A probability (p) value of 0.05 or less was regarded as signifi- 
cant. 


Results 


Six hundred eleven patients fulfilled the criteria for 
inclusion during the 10 year period of this study. Sev- 
enty patients (11.5 percent) were lost to follow-up; the 
majority of these (56 or 80 percent) lived at a distance 
from our institution. Twenty-four (4 percent) under- 
went reoperation. Forty-three patients (7 percent) died 
at operation or within the 1st postoperative month. 
Fifty-four late deaths were recorded, and there were 97 
documented thromboembolic events. 

Type of prosthesis: The mitral valve prostheses 
used were: Starr-Edwards in 292, porcine heterograft 
in 253 (42 Hancock and 211 Carpentier-Edwards), Lil- 
lehei-Kaster in 53 arid Bjjrk-Shiley in 13 patients. 
Owing to the small number of Bjórk-Shiley prostheses 
used, patients with this prosthesis were excluded from 
the remainder of the study. 

Thromboembolism-free period and satisfactory 
valve function were compared for the porcine hetero- 
graft, Starr-Edwards and Lillehei-Kaster prostheses 
(Fig. 1 and 2). Analysis of data in patients with a porcine 
heterograft extended only to 2 years postoperatively. 
This reflects the relatively short period of time that 
these valves have been used in our institution. Separa- 
tion of Hancock and Carpentier-Edwards prostheses 
revealed no significant difference in period of satisfac- 
tory valve function or freedom from thromboembolism; 
these prostheses were thus grouped together for sub- 
sequent analyses. The thromboembolism-free periods 
did not differ significantly among the Starr-Edwards, 
porcine heterograft or Lillehei-Kaster prosthese 
(Fig. 1). } 
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FIGURE 1. Actuarial analysis of the percentage of patients with freedom 
from thromboembolism with isolated Lillehei-Kaster (n = 53), Starr- 
Edwards (n = 292) or porcine heterograft (n = 253) mitral valve re- 
placement. There was no significant difference among the three types 
of prosthesis at 2 years, or between Lillehei-Kaster and Starr-Edwards 
prostheses at 3 years. Vertical bars represent the standard error of the 
mean. Analysis of the data in the patients who received a porcine 
heterograft extended for only 2 years postoperatively because of the 
relatively short period of time that these valves have been used in our 
institution. . , 


Satisfactory valve function was not significantly 
different for Starr-Edwards or porcine heterograft 
prostheses (Fig. 2). The Lillehei-Kaster prosthesis ap- 
peared to function less well than either the porcine 
heterograft or the Starr-Edwards prostheses (Fig. 2). 
However, this difference was not significant (Lillehei- 
Kaster versus Starr-Edwards at 3 years, p — 0.059; 
Lillehei-Kaster versus heterograft at 2 years, p = 0.055). 
Because these differences approach the designated level 
of significance and might distort subsequent data 
analysis, and because fewer than 10 percent of patients 
received the Lillehei-Kaster prosthesis, the patients who 
received this prosthesis were excluded from the re- 
mainder of the study. The data on the remaining 545 
patients who had either Starr-Edwards or porcine 
heterograft prostheses were analyzed to determine the 
effect of certain preoperative factors on perioperative 
and late survival, and freedom from thromboembo- 
lism. . 

Age at operation: There were no differences in 
survival when patients were grouped according to age 
at operation (19 years and below [range 7 to 19, mean 
15.3 years]; 20 to 54 years; and 55 years and above [range 
55 to 70, mean 58.8 years]) (Table I). Only 11 patients 
aged 65 to 70 years were operated on in this series, and 
no patient was more than 70 years old. All 11 patients 
survived operation; 1 died late, 3 years postopera- 
. tively. 
| B 
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FIGURE 2. Actuarial analysis of the percent of valves functioning sat- 
isfactorily. Satisfactory valve function was determined from the number 
of patients surviving who had not undergone reoperation for replace- 
ment of a malfunctioning prosthesis. Satisfactory valve function was 
not significantly different for Starr-Edwards (n — 292) or porcine het- 
erograft (n = 253) prostheses. The Lillehei-Kaster (n = 53) prosthesis 
appeared to function less well than either the porcine heterograft or 
Starr-Edwards prosthesis. This difference approached significance 
(Lillehei-Kaster versus Starr-Edwards at 3 years, p — 0.059; Lillehei- 
Kaster versus heterograft at 2 years, p — 0.055). 


Those patients aged 19 years and under had greater 
freedom from thromboembolism at 3 years than those 
aged 55 years and older ( p «0.05). This may be a chance 
finding because this difference was not apparent at 2 
years, or at 4 years when, in this instance, the study was 
extended to that period. | 

Preexisting mitral valve lesion: The preexisting 
mitral valve lesion (stenosis in 160, regurgitation in 76 
or mixed mitral valve disease in 309 patients) did not 
influence either survival or the thromboembolism-free 
period (Table I). 

Cardiac rhythm: Preoperative cardiac rhythm 
(sinus in 174 and atrial fibrillation or other supraven- 
tricular rhythm in 371 patients) also had no influence 
on either survival or thromboembolism-free period 
(Table I). 

Chest radiograph: Preoperative posteroanterior 
chest radiographs were available in 487 patients (89 
percent). The left atrial diameter could be assessed in 
334 (61 percent). 

Patients with a markedly increased cardiothoracic 
ratio (75 percent or greater) had reduced survival when 
compared with those with a smaller (less than 75 per- 
cent), ratio both within the 1st postoperative month (81 
versus 95 percent, p <0.005) anti at 3 years (67 verst&s 
84 percent, p «0.005) (Fig. 3). The patients with a car- 
diothoracic ratio of 75 percent or greater had a greater 
incidence of thromboembolism (90 versus 98 percent 


. 5 . 
RIR Anril 1981 Tha American lnurnal of CARDIOI OGY Valima A7 "e 


ev 


La 
* 


TABLE | 


PREOPERATIVE FACTORS AND MITRAL VALVE REPLACEMENT-—DALBY ET AL] 


Relations Among Clinical Preoperative Factors and Percent Survival and Freedom From Thromboembolism After 


Mitral Valve Replacement 





Percent Survival 


Patients Operative Late Operative Late 
(n) (1 mo) (3 yr) (1 mo) (3 yr) 

CoA ERO ai ae RUE co AMD e I ee a errs wa MEM MMC CENE I MM VR et ee C Lr c DM De Cc c Lc a 0000007 
Age . 
<19 97 90.7 t 2.9 72.9 t 5.6 96.9 + 1.8 89.3 + 4.1* 
20-54 376 93.6 t 1.3 82.1 t 2.4 97.3 + 0.8 78.2 + 3.0 

255 72 94.4 t 2.7 84.2 t 5.6 95.8 + 2.4 73.1 € 7.4 
Valve lesion 

Stenosis 160 93.1 t 2.0 83.5 + 3.8 96.9 + 1.4 85.3 + 4.0 

Regurgitation 76 89.5 + 3.5 75.5 X 6.3 98.7 t 1.3 78.1 + 6.9 

Mixed 309 94.2 t 1.3 80.8 + 2.6 96.8 + 1.0 77.0+ 3.2 
ECG rhythm 

Sinus 174 94.8+ 1.7 76.6 + 4.2 98.3 + 1.0 80.7+ 4.3 

AF 371 92.5+ 1.4 82.5+ 2.3 96.5 + 1.0 78.4 + 2.9 
LA diameter 

<12 cm 268 95.5 + 1.3! 82.5 t 3.0 98.1 + 0.8 78.6 + 3.7 

212 cm 66 84.8 + 4.4t 77.0 + 6.0 97.0 t 2.1 74.5 t 7.9 


Percent Thromboembolism-Free 





* p <0.05 compared with patients 255 years.! p «0.05. Other differences not significant. 


AF = atrial fibrillation; ECG = electrocardiographic; LA = left atrial. 


thromboembolism-free rate; p <0.05) only in the 1st 
postoperative month (Fig. 4). 

The group of patients with a large left atrial diam- 
eter (12 cm or greater) had reduced operative survival 
in comparison with the group with a smaller left atrium 
(85 versus 95 percent, p <0.05), but after this period 
there was no significant difference in survival (Fig. 5). 
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FIGURE 3. Actuarial survival curves of patients with mitral valve re- 
placement according to their preoperative cardiothoracic ratio (C.T.R.). 
Patients with a markedly increased cardiothoracic ratio (75 percent or 
grgater, n — 69) had reduced survival when compared with those with 
a Smaller (less than 75 percent, n — 418) ratio, both within the 1st 
postoperative month (p <0.005) and at 3 years (p <0.005). However, 
the effect on 3 year survival is due to the effect of cardiothoracic ratio 
on operative survival being carried through. 
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A large left atrial diameter did not influence the 
thromboembolism-free period (‘Table I). 
Hemodynamic variables: The 387 patients who 
underwent cardiac catheterization were grouped ac- 
cording to the following variables: Cardiac index greater 
than 1.5 or equal to or less than 1.5 liters/min per m?, 
systolic pulmonary arterial pressure less than 100 or 100 
or greater mm Hg, pulmonary vascular resistance less 
than 10 or 10 or more units, and left ventricular end- 
diastolic pressure less than 20 or equal to or greater than 
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FIGURE 4. Actuarial analysis of the percent freedom from thrombo- 
embolism according to cardiothoracic ratio (C.T.R.) for patients with 
mitral valve replacement. Patients with a large cardiothoracic ratio (75 
percent or greater, n — 69) had a greater incidence of thromboembolism 
(p <0.05) than did those with a smaller cardiothoracic ratio (less than 
75 percent, n — 418) only in the 1st postoperative month. 
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FIGURE 5. Actuarial survival curves for patients with mitral valve re- 
placement according to preoperative left atrial (L.A.) size on chest 
radiography. Patients with a large left atrial diameter (12 cm or greater, 
n — 66) had reduced operative survival compared with those with a 
smaller (less than 12 cm, n = 268) left atrial diameter (p <0.05). There 
was no difference in survival beyond the 1st operative month. 


20 mm Hg. The number of patients in each category, 
their percent survival and percent freedom from 
thromboembolism are shown in Table II. None of the 
abnormal hemodynamic variables individually pre- 
dicted a. zeduced early or late survival or reduced 
thrombbembolism-free period. However, when patients 
were grouped according to the presence or absence of 
any one severely altered hemodynamic variable, re- 
duced perioperative survival could be demonstrated in 
that group with poorer hemodynamics (91 versus 97 
percent, p «0.02) (Fig. 6). Poorer hemodynamics did not 
influence survival after the 1st postoperative month, 
and had no significant influence on the thromboem- 
bolism-free period. 

Coronary artery disease: Selective coronary arte- 
riography was performed in 126 patients. Of the 387 
patients who underwent cardiac catheterization, 190 
were more than 40 years old and coronary arteriograms 
were performed in 119 (66 percent) of these patients. 
The coronary arteriograms were abnormal in 12 pa- 
tients, of whom 11 were more than 40 years old. Coro- 
nary arterial bypass surgery was performed at the time 
of mitral valve replacement in seven patients with no 
associated operative mortality. The remaining five pa- 
tients did not undergo revascularization at the time of 
valve replacement. There-was one perioperative death 
in this latter group. Because, of the small number of 
patients with coronary artery disease and the isolated 
death it is not possible to draw any conclusions from our 
study concerning the effect of concomitant coronary 
artery disease on survival in patients undergoing mitral 
valve replacement. 

Discriminant analysis results: The interrelations 
among the variables were investigated by means of a 
_ mültiway contingency table analysis, analysis of vari- 


ance and tested for significance by chi-square analysis. 
Significant interrelations (p <0.01) were demonstrated 
among the following variables: cardiothoracic ratio, type 
of lesion and patient age; cardiothoracic ratio, heart 
rhythm and patient age; type of valve prosthesis, valve 
lesion and heart rhythm; cardiac index, pulmonary 
vascular resistance and left ventricular end-diastolic 
pressure; pulmonary vascular resistance, cardiac index 
and pulmonary arterial pressure. It is less statistically 
valid to emphasize the specific relation responsible for 
these observations. 

However, the following general observations may be 
made about our population group: A cardiothoracic 
ratio of 75 percent or more was as common in patients 
with isolated mitral stenosis as in those with isolated 
regurgitation, was encountered more frequently in pa- 
tients less than 19 years of age and more frequently in 
patients with atrial fibrillation than might have been 
expected on the basis of probability; Starr-Edwards 
valves were used more commonly in patients with pre- 
operative atrial fibrillation and in those with mitral 
stenosis; a pulmonary vascular resistance 10 or more 
units was more prevalent in patients with a cardiac 
index of 1.5 liters/min per m? or greater, a left ventric- 
ular end-diastolic pressure of 20 mm Hg or greater or 
a pulmonary arterial pressure of 100 mm Hg or 
greater—an interrelation that is largely mathematical 
in nature. 

These data are included merely for the sake of com- 
pleteness but will not be discussed further. The math- 
ematical interrelation of the hemodynamic data is 
largely predictable and the remaining interrelations, 
while seeming to characterize our patient group, are not 
necessarily generally applicable. 


Discussion 


The factors influencing the outcome of isolated mitral 
valve replacement have been the subject of many 
studies.'-?? Roberts! has suggested that the major fac- 
tors that determine the outcome are the skill of the 
surgical team, the type of prosthesis used and the pre- 
operative state of the patient. In the present study op- 
erations were all performed by the same group of sur- 
geons in one institution over a 10 year period, and the 
overall perioperative mortality rate (7 percent) com- 
pares favorably with mortality data from other’major 
surgical institutions during this period.!9:11.13.15.18 

Types of prostheses: Hancock and Carpentier- 
Edwards porcine bioprostheses and Starr-Edwards, 
Lillehei-Kaster and Bjgrk-Shiley mechanical prostheses 
were used in this series. Because only 13 patients re- 
ceived a Bjérk-Shiley prosthesis they were eliminated 
from subsequent analyses. Other investigators?’ have 
recently reported unsatisfactory results with this 
prosthesis in the mitral position in a large series of pa- 
tients. 

The rate of thromboembolism did not differ signifi- 
cantly in patients who received a porcine heterograft or 
mechanical prosthesis (Fig. 1). Patients in the latter 
group were maintained on long-term anticoagulant 
therapy, except when this proved impractical or was 
contraindicated. Patients in the group with a hetero- 
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graft were treated with an anticoagulant agent for the 
first 3 months postoperatively, after which the agent 
was withdrawn, providing sinus rhythm was present, the 
heart was not greatly enlarged and there was no past 
history of thromboembolism. Thus, the advantage to 
patients with a heterograft was that they did not have 
the inconvenience of oral anticoagulant therapy rather 
than a reduction in the incidence of thromboembo- 
lism. 

Despite the favorable hemodynamic characteristics 


of the Lillehei-Kaster mitral prosthesis,?? we?? have 
previously reported our unsatisfactory functional results 
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with this prosthesis as a result of valve thrombosis and 70 
excessive tissue ingrowth. In the present study, Lille- | 
hei-Kaster prostheses appeared to function less well | 
than either the Starr-Edwards or porcine heterograft L 
prostheses (Fig. 2), although this difference did not aise table 22-52 Reese sk) aay 
attain statistical significance (p = 0.059 and 0.055, re- Vo ia € 3 


spectively). Because this difference in prosthetic func- 
tion might have distorted subsequent data analysis, and 
because fewer than 10 percent of patients received this 
prosthesis, patients who received a Lillehei-Kaster 
prosthesis were eliminated from the remainder of the 
study. 

The different models of the cloth-covered Starr- 
Edwards prosthesis used in this group of patients have 
previously been shown?? to be associated with similar 
early and late mortality and rate of thromboembolism. 
They were thus considered as a single group. There was 
also no demonstrable difference in mortality or rate of 
thromboembolism between the Hancock or Carpen- 
tier-Edwards heterograft, and these bioprostheses were 
similarly grouped for purposes of actuarial analysis. 

There was no significant difference in satisfactory 
prosthetic valve function in patients who received a 
Starr- Edwards or porcine heterograft prosthesis (Fig. 
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FIGURE 6. Actuarial analysis of patients with mitral valve replacement 
according to the presence of '"'severe" (n = 159) or "less severe” (n 
— 204) hemodynamics. Patients with at least one severely altered he- 
modynamic variable had reduced operative survival (p <0.02) compared 
with that of the remaining patients. Poorer hemodynamics did not in- 
fluence survival beyond the 1st postoperative month. 


2). However, because the period of follow-up in patients 
with a porcine heterograft extended only to 2 years, the 
question of late bioprosthesis malfunction could not be 
addressed. 

Age: Patient age at operation did not influence sur- 
vival at operation or within the first 3 years (Table I). 
'This finding is at variance with a number of previous 
reports in which both operative mortality^5-10.1618 and 
late mortality!!.12.16,20,?1 were found to be increased in 


Relations Among Preoperative Hemodynamic Factors and Percent Survival and Freedom From Thromboembolism 


Hemodynamics After Mitral Valve Replacement 











Percent Percent 
Survival Thromboembolism-Free 
Patients Operative Late Operative Late 
^ (n) (1 mo) (3 yr) (1 mo) (3 yr) 
1. Cardiac index 
(liters/min per m?) 

21.5 277 95.7 + 1.2 81.4 3.4 97.1 t 1.0 76.4 t 4.3 

$1.5 86 89.5 + 3.3 80.6 + 6.7 95.3 + 2.3 78.7 X 7.5 
2. SPAP (mm Hg) 

« 100 322 95.3 + 1.2 82.3 + 3.4 97.2 + 0.9 77.5 + 4.0 

= 100 42 ” 85.7 £5.4 71.7 47.9 92.9. 4.0 72.6 + 10.2 
3. PVR (units) 

<10 280 95.7 + 12 80.0 + 3.9 96.8+ 1.1 z 74.9 t 4.5 

=10 82 89.0 + 3.5 82.9 + 4.7 96.3 + 2.1 82.2 + 6.5 
4. LVEDP (mm Hg) 

«20 331 94.6+ 1.2 80.5 3.4 97.3 t 0.9 77.8 € 3.9 

220 33 90.9 + 5.0 83.8 + 6.7 90.9 + 5.0 68.7 + 11.9 
Severe alteration 

of 1,2,3o0r4 4 
fbsent 204 97.12 1.2* 81.5 + 4.5 97.1 3: 1.2 71.1 £ 5.2 
Present 159 90.6 + 2.3* 80.1 + 4.3 96.2 t 1.5 76.8 t 5.4 





* Difference significant (p « 0.02). Other differences not significant. 
LVEDP = left ventricular end-diastolic pressure; PVR = pulmonary vascular resistance; SPAP = systolic pulmonary arterial pressure. 


x April 1981 The American Journal of CARDIOLOGY . Volume 47 å - 831 


PREOPERATIVE FACTORS AND MITRAL VALVE REPLACEMENT—DALBY ET AL. ead me ( 


older patients. In our series, the older age group (55 
years and older) is similar to that of the other series 
cited (variously more than 50, 55 or 60 years). Other 
investigators!*.!9:22 observed no increase in mortality 
in older patients, even in those over 70 years.!' 
Hochberg et al.?? found that neither preoperative mitral 
stenosis nor regurgitation in association with older age 
(greater than 60 years) adversely affected prognosis, and 
the change in pulmonary arterial pressure, left ven- 
tricular end-diastolic pressure, left atrial pressure and 
cardiac index after operation was similar in younger and 
older patients. The oldest patient in our series was 70 
years old. We are thus unable to comment on the out- 
come of mitral valve replacement in patients older than 
70 years. 

Mitral valve lesion: The mitral valve lesion did not 
influence early or late survival in this study. This finding 
is in agreement with the observations of others.!!-1?.16 
In contrast, Litwak et al.? found an increased operative 
mortality in patients with mixed mitral valve disease. 
Other more recent investigators have found an in- 
creased mortality in patients with mitral regurgitation, 
either early? late!® or both early and late.!? Chaffin and 
Daggett!? suggested that this difference in mortality was 
present even when patients who had mitral regurgita- 
tion on the basis of ischemic heart disease were excluded 
from consideration. The few patients who underwent 
mitral valve replacement for ischemic mitral regurgi- 
tation in our institution were specifically excluded from 
our series. 

Cardiac rhythm: Preoperative atrial fibrillation did 
. not adversely affect either operative or 3 year survival. 
This observation is in agreement with the findings of 
most other investigators,9:11.12.18 although Mary et al.!? 
reported an increase in late deaths in patients with 
preoperative atrial fibrillation. No attempt was made 
in our study to analyze the effect of atrial fibrillation in 
the postoperative period, but direct current cardio- 
version was attempted in only a minority of patients 
postoperatively. 

Chest radiograph: cardiothoracic ratio and left 
atrial size: Gross cardiomegaly, as indicated by a car- 
diothoracic ratio in the preoperative chest radiograph 
of 75 percent or greater, was associated with a 19 percent 
operative mortality rate compared with a 5 percent 
operative mortality rate in patients with a smaller ratio 
(p «0.005) (Fig. 3). This factor was also significant (p 
<0.005) at 3 years postoperatively (mortality rate 33 
percent versus 16 percent). Cardiothoracic ratio did not 
influence late mortality directly; rather, the effect on 
operative mortality was carried through and was still 
evident at 3 years. 

It is of interest that we.chose a cardiothoracic ratio 
of 75 percent or greater as a cutoff point because, when 
a lower ratio was chosen (60 percent or greater), no 
difference could be demonstrated between the two 
groups. In a previous study? a cardiothoracic ratio 
greater than 50 percent was found not to be associated 
with a higher operative mortality rate, whereas Si- 
monsen et al.? could not relate an increase in “radio- 
graphic heart volume" to hospital mortality. Conversely, 

 Krttle et al.? found that “left ventricular enlargement" 
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was associated with a poor prognosis and Litwak et al.? 
found that marked cardiomegaly carried a poor prog- 
nosis. 

A recent study” failed to demonstrate a significant 
relation between survival and angiographically de- 
termined left ventricular volumes or ejection fraction 
in patients with mitral valve disease. However, the 
inherent problems involved in making these measure- 
ments in patients with mitral valve disease were not 
addressed. Specifically, the number of patients with 
atrial fibrillation was not indicated and the effect of a 
varying heart rate on the accuracy with which both 
ventricular volumes and ejection fraction can be de- 
termined was not mentioned. The investigators also did 
not mention how the problem of gross ventricular dis- 
tortion, which would negate conventional geometric 
assumptions in the calculation of ventricular volumes 
and ejection fraction, was circumvented. In the present 
retrospective study left ventricular volumes or ejection 
fractions, or both, were not measured for both practical 
and theoretical reasons: The majority (two thirds) of 
patients had atrial fibrillation; there was frequently 
gross distortion of ventricular configuration, particu- 
larly in patients with mitral stenosis; the magnification 
factor was generally not known; finally, the same ejec- 
tion fraction in patients with stenosis and regurgitation 
does not reflect the same degree of ventricular func- 
tion?! and there does not seem to be any simple way of 
normalizing the ejection fraction to enable comparison 
in these two conditions or in patients with varying de- 
grees of mixed mitral valve disease. 

Large left atrial size has previously been related to 
both early and late deaths.!.!? [n the present study a 
significant increase (p «0.05) in operative mortality 
(from 5 to 15 percent) could be demonstrated when left 
atrial diameter was 12 cm or greater as measured on the 
preoperative chest radiograph (Fig. 5). A measurement 
in excess of 7 cm has been reported to be a reliable in- 
dicator of left atrial enlargement in adults.?? 

The discrepancy between the predictive value of left 
atrial size and cardiothoracic ratio in the chest radio- 
graph suggests that enlargement of other chambers 
plays a significant role in determining the outcome. This 
may, at least in part, reflect the role of left ventricular 
dilatation and presumed dysfunction, although this may 
prove difficult to quantitate. 

Individual hemodynamic variables: A low cardiac 
index (generally less than 2.0 liters/min per m?) has 
been associated with a significantly increased opera- 
tive?19.168 or late mortality!9.15?!, or both. However, 
we could not substantiate these findings in the present 
study. Although earlier studies??? and some later in- 
vestigations? suggested prohibitive operative mortality 
rates in patients with severe pulmonary hypertension, 
others*-®.!4 found no significant increase in operative 
mortality in this group of patients, as was true in our 
series of patients. Late mortality rate does not appear 
to be affected by the degree of preoperative pulmonary 
hypertension either in our study or in the other studies 
cited. 

Pulmonary vascular resistance greater than 10 units 
(800 dynes s cm~) was also not associated with a sig- 
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nificant increase in either operative or late mortality in 
our patients. This finding contrasts with the findings 
of certain other investigators.5?.1? Zener et al.® suggested 
that for any given level of pulmonary vascular resis- 
tance, operative mortality decreased as pulmonary ar- 
terial pressure increased; that is, an elevated pulmonary 
vascular resistance carries a worse prognosis when it is 
associated with a low cardiac index rather than merely 
with a high pulmonary arterial pressure. 

An elevated left ventricular end-diastolic pressure 
was associated with an increased operative and late 
mortality rate in some studies!®!8 but not in others.?? 
In our study, a left ventricular end-diastolic pressure 
greater than 20 mm Hg was not associated with a sig- 
nificant increase in either operative or late mortality 
rate. 

Grouped hemodynamic variables: Although ab- 
normality of a single hemodynamic variable (cardiac 
index, systolic pulmonary artery pressure, pulmonary 
vascular resistance or left ventricular end-diastolic 
pressure) was not associated with a significantly in- 
creased mortality in our group of patients, it is evident 
from Table II that for each variable the operative 
mortality was consistently higher in the group with se- 
verely abnormal as compared with less abnormal he- 
modynamic function. Patients were thus grouped ac- 
cording to the presence or absence of one or more 
markedly abnormal hemodynamic variables (Fig. 6). 
With this grouping, the presence of one or more severe 
alterations in hemodynamics was indeed associated with 
a significant increase in operative mortality (from 3 to 
9 percent) (p «0.02). Pooling all patients with poor 
hemodynamics has the effect of eliminating from the 
group with better hemodynamics those patients who 
would otherwise be included when univariate analysis 
is performed and increases the confidence limits of the 
group with poor hemodynamics by increasing the 
sample size. Thus it is probable that each hemodynamic 
variable studied does indeed influence operative sur- 
vival and that our failure to demonstrate the signifi- 
cance of these individually is a product of univariate 
analysis and population size, albeit apparently large. 
This may also account for the conflicting results ob- 
tained in earlier studies. 

Poor preoperative hemodynamics, either individu- 
ally or as a group, did not adversely affect long-term 
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survival in our patients. Because elevated pulmonary | 


arterial pressure and vascular resistance and depressed 


cardiac index generally return to near normal levels - 


within days after mitral valve replacement,??^! although 
hemodynamics may still be abnormal in response to 
exercise,??26 it is not surprising that preoperative he- 
modynamics did not seem to influence late survival. 


Preoperative factors influencing thromboem- - 


bolic rate: A cardiothoracic ratio of 75 percent or 


greater was associated with operative but not with late - 


thromboembolic events (Fig. 4). No other variable in our . 


study was associated with either early or late throm- 
boembolic phenomena. In particular, left atrial size was 
not associated with either early or late thromboembolic 


complications in our patients, although Barnhorst et 


al.!? found such an association. Patients with atrial fi- 
brillation preoperatively also did not have an increased 
thromboembolic rate in our series, in contrast with the 


findings of some other investigators.!? The major factors — 


determining the rate of thromboembolism postopera- 
tively thus appear to be related to the type of prosthesis 
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and the adequacy of anticoagulant therapy”!!! rather | 


than to preoperative variables. !°37 

Clinical implications: (1) The presence of any one 
severely abnormal hemodynamic variable in patients 
undergoing mitral valve replacement is associated with 
increased operative mortality. However, if these pa- 
tients survive operation, their late mortality rate is 
similar to that of patients with less severe hemodynamic 
abnormality. They should thus be treated with partic- 
ular care during the perioperative period. (2) Marked 
cardiomegaly on chest radiography is associated with 
a considerable increase in operative mortality. (3) 
Perioperative thromboembolic events are more frequent 
in patients with marked cardiomegaly, but rates of both 


early and late thromboembolism appear to be unrelated — 


to any other preoperative factor. Type of prosthetic 
valve and the adequacy of anticoagulant therapy may 
thus be more important determinants of thromboem- 
bolic events after mitral valve replacement than are 
preoperative factors. 


Acknowledgment 


We are indebted to S. G. Reinach, PhD and T. J. v. W. 
Kotze, PhD for help with the statistical analysis and to Juanita 
Alexander and Merle Greenblatt for secretarial assistance. 


References 


1. Roberts WC. Factors determining outcome of cardiac valve re- 
placement. Ann Thorac Surg 1979;27:101-3. 

2. Litwak RS, Silvay J, Gadboys HL, Lukban SB, Sakurai H, Cas- 
tro-Blanco J. Factors associated with operative risk in mitral valve 
replacement. Am J Cardiol 1969;23:335-48. 

3. Kittle CF, Dye WS, Gerbode F, et al. Factors influencing risk in 
cardiac surgical patients; cooperative study. Circulation 1969; 
39,40:Suppl I:I- 169-7 1. 

4. Dalen JE, Matloff JM, Evans GL, et al. Early reduction of pulmonary 

e Vascular resistance after mitral valve replacement. N Engl J Med 
1967;277:387-94. 

5. Guthrie RB, Spellberg RD, Benedict JS, Buhl TL. Open-heart valve 
surgery in patients 65 and older. Arch Surg 1972;105:42-3. 

6. Zener JC, Hancock EW, Shumway NE, Harrison DC. Regression 


A nasil 4904 


of extreme pulmonary hypertension after mitral valve surgery. Am 
J Cardiol 1972;30:820-6. 

7. Kirklin JW, Pacifico AD. Surgery for acquired valvular heart disease 
(second of two parts). N Engl J Med 1973;288:194-9. 

8. Simonsen S, Forfang K, Andersen A, Efskinti L. Hospital mortality 
after mitral valve. replacement. Acta Med Scand 1974;195: 
243-6. 

9. Ward C, Hancock BW. Extreme pulmonary hypertension caused 
by mitral valve disease. Br Heart J 1975,37:74-8. 

10. Mary DAS, Pakrashi BC, Catchpole RW, lonescu MI. Tissue valves 
in the mitral position. Five years' experience. Br Heart J 1975; 
37:1123-32. 

11. Barnhorst DA, Oxman HA, Connolly DC, et al. Long-term follow-up 


of isolated replacement of the aortic or mitral valve with the | 


LI * 
Tha Al--eimex-e Belle 4 4 PABMIMNI AMY 14—8..— — AD ANAA 








PREOPERATIVE FACTORS AND MITRAL VALVE REPLACEMENT—DALBY ET AL. 


18. 
^ 19. 


20. 


21. 


22. 


23. 


24. 


Starr-Edwards prosthesis. Am J Cardiol 1975;35:228-33. 
Barnhorst DA, Oxman HA, Connolly DC, et al. Isolated replace- 
ment of the mitral valve with the Starr-Edwards prosthesis: an 
eleven year review. J Thorac Cardiovasc Surg 1976;71:230-7. 


. Appelbaum A, Kouchoukos NT, Blackstone EH, Kirklin JW. Early 


risks of open heart surgery for mitral valve disease. Am J Cardiol 
1976;37:201-9. 


. Kaul TK, Bain WH, Jones JV, et al. Mitral valve replacement in the 


presence of severe pulmonary hypertension. Thorax 1976;31: 


* 332-6. 
. Rapaport E. Natural history of aortic and mitral valve disease. Am 


J Cardiol 1975;35:221-7. 


. Salomon NW, Stinson EB, Griepp RB, Shumway NE. Patient-re- 


lated risk factors as predictors of results following isolated mitral 
valve replacement. Ann Thorac Surg 1977;24:519-30. 


. Bessone LN, Pupello DF, Blank RH, Harrison EE, Sbar S. Valve 


replacement in patients over 70 years. Ann Thorac Surg 1977; 
24:417-21. 

Chaffin JS, Daggett WM. Mitral valve replacement: a nine year 
follow-up of risks and survivals. Ann Thorac Surg 1979;27: 
312-9. . 

Hetzer R, Hill JD, Kerth WJ, et al. Thromboembolic complications 
after mitral valve replacement with Hancock xenograft. J Thorac 
Cardiovasc Surg 1978;75:651-8. 

Hammermeister KE, Fisher L, Kennedy JW, Samuels S, Dodge 
HT. Prediction of late survival in patients with mitral valve disease 
from clinical, hemodynamic and quantitative angiographic vari- 
ables. Circulation 1978;57:341-9. 

Grunkemeier GL, Macmanus Q, Thomas DR, Starr A. Regression 
analysis of late survival following mitral valve replacement. J 
Thorac Cardiovasc Surg 1978;75:131-7. 

Hochberg MS, Derkac WM, Conkle DM, Mcintosh CL, Epstein 
SE, Morrow AG. Mitral valve replacements in elderly patients: 
encouraging postoperative clinical and hemodynamic results. J 
Thorac Cardiovasc Surg 1979;77:422-6. 

Sellers RD, Levy MJ, Amplatz K, Lillehei CW. Left retrograde 
cardioangiography in acquired cardiac disease: technic, indications 
and interpretation in 700 cases. Am J Cardiol 1964;14:437—47. 

Criteria Gommittee of the New York Heart Association. Diseases 
of the Heart and Blood Vessels (Nomenclature and Criteria for 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 
35. 
36. 


37. 


834 ` April 1981, The American Journal of CARDIOLOGY Volume 47 


N 


Diagnosis). 6th ed. Boston: Little, Brown, 1964:112-3. 

Higgins CB, Reinke RT, Jones NE, Broderick T. Left atrial di- 
mension on the frontal thoracic radiograph: a method for assessing 
left atrial enlargement. AJR 1978; 130:251-5. 

Anderson RP, Bonchek LI, Grunkemeier GL, Lambert LE, Starr 
A. The analysis and presentation of surgical results by actuarial 
methods. J Surg Res 1974; 16:224-30. 

Copans H, Lakier JB, Kinsley RH, Colsen PR, Fritz VU, Barlow 
JB. Thrombosed Bjerk-Shiley mitral prostheses. Circulation 
1980;61:169-74. 

Forman R, Gersh BJ, Fraser R, Beck W. Hemodynamic assess- 
ment of Lillehei-Kaster tilting disc aortic and mitral prostheses. J 
Thorac Cardiovasc Surg 1978;75:595-8. 

Forman R, Beck W, Barnard CN. Results of valve replacement 
with the Lillehei-Kaster disc prosthesis. Am Heart J 1977:94: 
282-6. 

Forman R, Beck W, Barnard CN. Results after mitral valve re- 
placement with cloth-covered Starr-Edwards prostheses (models 
6300, 6310/6320 and 6400). Br Heart J 1978;40:612-6. 
Schuler G, Peterson KL, Johnson A, et al. Temporal response of 
left ventricular performance to mitral valve surgery. Circulation 
1979;59:1218-31. 

Barclay RS, Reid JM, Stevenson JG, Welsh TM, McSwan N. 
Long-term follow-up of mitral valve replacement with Starr-Edwards 
prostheses. Br Heart J 1972;34:129-33. 

Rouleau CA, Frye RL, Ellis FH Jr. Hemodynamic state after open 
mitral valve replacement and reconstruction. J Thorac Cardiovasc 
Surg 1969;58:870-8. 

Hawe A, Frye RL, Ellis FH Jr. Late hemodynamic studies after 
mitral valve surgery. J Thorac Cardiovasc Surg 1973;65:35 1-8. 
Morgan JJ. Hemodynamics one year following mitral valve re- 
placement. Am J Cardiol 1967;19:189-95. 

Morrow AG, Oldham HN, Elkins RC, Braunwald E. Prosthetic 
replacement of the mitral valve: pre-operative and post-operative 
clinical and hemodynamic assessment in 100 patients. Circulation 
1967;35:962-79. 

Cleland J, Molloy PJ. Thromboembolic complications of the 
cloth-covered S-E prostheses no 2300 aortic and no 6300 mitral. 
Thorax 1973;28:41-7. 


on 


The Porta Pak 80 !ets you stay with 
your patient. Everything you need to 
monitor, record and defibrillate is in 
your hands. It’s easy to operate be- 
cause stylus heat and ECG size adjust- 
ments are done for you, automatically. 
The large 5 inch monitor scope and 
easy to read chart recorder make eva- 
luation of your patient's vital signs 
simpler, faster. 


When you defibrillate, you can be 
sure that the energy you provide will 
! be the energy you select, regardless 

e : 


9 198Q 


edical Research Laboratories, Inc. All rights reserved 





i 


of your patient. Our transthoracic load 
compensating module monitors your 
patient's resistance, adjusting the 
delivered energy. No other defibrillator 
does this. 


Independent Power 

The monitor/recorder can go with your 
patient. Just pull and lift off. It's that 
simple. The monitor and defibrillator 
may be operated from their own 
sealed battery back-up system, or 
from your power line. Power is 
available wherever you are. 





At Medical Research Laboratories, 
we're making equipment simple, more 
reliable, and better, to help you pro- 
vide your patients with the best care 
possible. 

Arrange to evaluate the Porta Pak 
80 now. Contact your local represen- 
tative, or call 800/323-1415. 


The New Porta Pak 80 from 
MRL...it's like having 
another pair of hands. 


medical research laboratories, inc. 
7450 natchez avenue, niles, illinois 60648 


MRL... 


.4 types of 
arrhythmias 


19 million 
rescriptions: 


or the oral forms 
of Pronestyl 
alone D 


1 7 AW Pe y - d 
eee y A Pele 
4 AY Baot phei ee. é v 
3 CASE - ji dia tar - 
E rn " : P A t 
 -" ] uv ' 
i M 
x u Ó"- 44-243 
*« PP fez 
A Ai "-— > j 
MON x^ ^ be 
P E 7 
^ 
] 


(Procainamide Hydrochloride) 


experience 


*Filled since 1964. Prescription audit data on file, 
E.R. Squibb & Sons, Inc. 





-Theres no 


substitute for 
experience 


== It’s right 

Bi eni 
1n the hospital.. 

f it’s right 

9 at home 






SN NN 
` 


SS NUS 
SON ENS 
Leia te Sate NS 





Please see next page for brief summaries. 





PRONESTYL® INJECTION 
- Procainamide Hydrochloride Injection USP 
‘DESCRIPTION: Pronestyl Injection (Procainamide Hydrochloride Injection 
USP) is a sterile, aqueous solution providing 100 mg or 500 mg procainamide 
hydrochloride per ml. The 100 mg/ml potency contains 0.9% (w/v) benzyl 
alcoRol and 0.09% sodium bisulfite as preservatives. The 500 mg/ml potency 
contains 0.1% methylparaben and not more than 0.2% sodium bisulfite as 
preservatives. 


CONTRAINDICATIONS: In patients with myasthenia gravis and where a 
hypersensitivity to procainamide exists; cross sensitivity to procaine and 
related drugs must be borne in mind. Should not be given to patients with 
complete atrioventricular heart block. Contraindicated in cases of high-degree 
A-V block unless an electrical pacemaker is operative. 


PRECAUTIONS: Evidence of untoward myocardial responses should be 
carefully watched for in all patients. In the presence of myocardial damage, 
procainamide may produce untoward responses. In atrial fibrillation or flutter, 
the ventricular rate may increase suddenly as the atrial rate is slowed; ade- 
quate digitalization reduces but does not abolish this danger. If myocardial 
damage exists, ventricular tachysystole is particularly hazardous. The dislodg- 
ment of mural thrombi producing an embolic episode may occur in correcting 
atrial fibrillation due to the forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or 
where the use of procainamide may result in additional depression of conduc- 
tion and ventricular asystole or fibrillation as in A-V block, bundle branch 
block, or severe digitalis intoxication. 

Parenteral administration should be monitored electrocardiographically 
whenever pracjicable. Parenteral administration should be discontinued at 
once if electrocardiograms give evidence of impending heart block. This com- 
plication should be kept in mind when treating ventricular arrhythmias 
(especially parenterally) in patients with severe organic heart disease and 
ventricular tachycardia who may also have complete heart block. Since 
asystole may result if the ventricular rate is significantly slowed without attain- 
ment of regular atrioventricular conduction, procainamide should be stopped 
and the patient re-evaluated. 

In the presence of both liver and kidney damage, normal dosage may pro- 
duce symptoms of overdosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus has been reported with oral 
maintenance procainamide therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and 
pericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to this syndrome, have been 
reported. Measure anti-nuclear antibody titers at regular intervals in patients 
on procainamide for extended periods of time or in whom symptoms sug- 
gestive of lupus-like reaction appear; discontinue drug in event of rising titer 
or clinical symptoms of LE. Steroid therapy may be effective if discontinuation 
of procainamide does not cause remission of symptoms. If the syndrome 
develops in a patient with recurrent life-threatening arrhythmias not otherwise 
controllabls* Steroid-suppressive therapy may be used concomitantly with 
procainamide. 


ADVERSE REACTIONS: Because procainamide is a peripheral vasodilator, 
I. V. administration may produce transient but at times severe hypotension 
particularly in conscious patients. I.M. injection is less likely to cause serious 
falls in blood pressure. Serious disturbances of cardiac rhythm such as ven- 
tricular asystole or fibrillation are also more common with I.V. administration. 

A syndrome resembling lupus erythematosus has been reported in patients 
on oral maintenance therapy. Reactions consisting of fever and chills including 
a case with fever and chills plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in SGOT following single doses of the drug have 
been reported. Bitter taste, diarrhea, weakness, mental depression, giddiness, 
psychosis with hallucinations, hypersensitivity reactions such as angioneurotic 
edema and maculopapular rash have been reported. Agranulocytosis has been 
occasionally reported following repeated use of the drug, and deaths have 
occurred; therefore, routine blood counts are advisable during maintenance 
therapy. If soreness of mouth, throat or gums, unexplained fever or any 
symptoms of upper respiratory tract infection should occur and leukocyte 
counts indicate cellular depression, procainamide therapy should be discon- 
tinued and appropriate treatment should be instituted immediately. 

For full prescribing information, consult package insert. 
HOW SUPPLIED: Pronestyl Injection (Procainamide Hydrochloride Injec- 
tion USP) is availasle in 10 ml vials providing 100 mg procainamide 
hydrochloride per ml and in 2 ml vials providing 500 mg procainamide 
hydrochloride per ml. 


PRONESTYL® TABLETS 

Procainamide Hydrochloride Tablets 
PRONESTYL® CAPSULES 
Procainamide Hydrochloride CapsulesdJSP 


The prolonged administration of procainamide often leads to the develop- 
ment of a positive anti-nuclear antibody (ANA) test with or without symp- 
toms of lupus erythematosus-like syndrome. If a positive ANA titer 


develops, the benefit/risk ratio related to continued procainamide therapy 
should be assessed. This may necessitate consideration of alternative anti- 
arrhythmic therapy. 





© 1981 E.R. Squibb & Sons, Inc. 


441-501 


analogue of procaine hydrochloride and is available for oral administrafion as 
capsules and veneer-coated tablets providing 250 mg, 375 mg, and 500 {ng 
procainamide hydrochloride. Pronestyl Tablets contain FD&C Yellow No. 5 
(tartrazine). e" 
CONTRAINDICATIONS: In patients with myasthenia gravis and where a 
hypersensitivity to procainamide exists; bear in mind cross sensitivity to pro- 
caine and related drugs. Should not be given to patients with complete atrio- 
ventricular heart block. Contraindicated in cases of second degree and third 
degree A-V block unless an electrical pacemaker is operative. 


PRECAUTIONS: Evidence of untoward myocardial responses should be 
carefully watched for in all patients. In the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate may increase suddenly as 
the atrial rate is slowed; adequate digitalization reduces but does not abolish 
this danger. Ventricular tachysystole is particularly hazardous if myocardial 
damage exists. 

The dislodgment of mural thrombi producing an embolic episode may 
occur in correcting atrial fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or 
where the use of procainamide may result in additional depression of conduc- 
tion and ventricular asystole or fibrillation as in second degree and third 
degree A-V block, bundle branch block, or severe digitalis intoxication. 

Bear in mind when treating ventricular arrhythmias in patients with severe 
organic heart disease and ventricular tachycardia that complete heart block, 
which may be difficult to diagnose, may be present. Since asystole may result 
if the ventricular rate is significantly slowed without attainment of regular 
atrioventricular conduction, procainamide should be stopped and the patient 
reevaluated. 

In the presence of both liver and kidney damage, normal dosage may pro- 
duce symptoms of overdosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus has been reported with oral 
maintenance procainamide therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and 
pericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to this syndrome, have been 
reported. Measure anti-nuclear antibody titers at regular intervals in patients 
on procainamide for extended periods of time or in whom symptoms sug- 
gestive of lupus-like reaction appear; in event of rising titer (anti-nuclear 
antibody) or clinical symptoms of LE, assess the benefit/risk ratio related to 
continued procainamide therapy (see boxed Warning). Steroid therapy may be 
effective if discontinuation of procainamide does not cause remission of 
symptoms. If the syndrome develops in a patient with recurrent life- 
threatening arrhythmias not otherwise controllable, steroid-suppressive 
therapy may be used concomitantly with procainamide. 

Pronestyl Tablets (Procainamide Hydrochloride Tablets) contain FD&C 
Yellow No. 5 (tartrazine) which may cause allergic-type reactions (including 
bronchial asthma) in certain susceptible individuals. Although the overall 
incidence of FD&C Yellow No. 5 (tartrazine) sensitivity in the general popula- 
tion is low, it is frequently seen in patients who also have aspirin hypersen- 
sitivity. ; 

ADVERSE REACTIONS: Hypotension is rare with oral administration. 
Serious disturbances of cardiac rhythm such as ventricular asystole or fibrilla- 
tion are more common with I.Y. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported in patients 
on oral maintenance therapy (see Precautions). Reactions consisting of fever 
and chills have been reported, including a case with nausea, vomiting, 
abdominal pain, acute hepatomegaly, and a rise in serum glutamic oxaloacetic 
transaminase following single doses of the drug. Agranulocytosis has been 
occasionally reported following repeated use of the drug, and deaths have 
occurred. Therefore, routine blood counts are advisable during maintenance 
procainamide therapy; and the patient should be instructed to report any 
soreness of the mouth, throat or gums, unexplained fever or any symptoms of 
upper respiratory tract infection. If any of these symptoms should occur and 
leukocyte counts indicate cellular depression, procainamide therapy should be 
discontinued and appropriate treatment should be instituted immediately. Bit- 
ter taste, diarrhea, weakness, mental depression, giddiness, psychpsis with 
hallucinations, and hypersensitivity reactions such as angioneurotic edema and 
maculopapular rash have been reported. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride Tablets) 
and Pronestyl Capsules (Procainamide Hydrochloride Capsules USP) pro- 
viding 250 mg, 375 mg, and 500 mg procainamide hydrochloride are available 
in bottles of 100 and Unimatic? cartons of 100. The 250 mg and 500 mg 
tablets and capsules are also available in bottles of 1000. 
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DESCRIPTION: Pronestyl (Procainamide Hydrochloride) is the y eN 


Innovators in cardiovascular medicige 
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KNOLL PHARMACEUTICAL COMPANY 
Whippany, New Jersey 07981 
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THE NEW 
MICROTHIN P2... 
GUARANTEED SENSING 





à 


MICROTHIN-P2's sensing is so 
exceptional that, whenever you 
implant a MICROTHIN-P2 with a 
CPle Porous Tip Lead, it is 
guaranteed. If any sensing 
difficulties develop, you'll receive 
immediate full credit for the 
MICROTHIN-P2. 


CPI has recognized that efficient 
sensing is of paramount impor- 
tance, and we've responded to that 
need with the MICROTHIN-P2. In 


fact, MICROTHIN-P2 addresses all 
the issues that are of prime 
importance in cardiac pacing: 

e Proven reliability" e The most 
useful programmable features - rate 
and energy output e Superior 
sensing € Lifetime warranty” 

e Small size for patient comfort 

e Easy, safe follow-up 


Eight years of CPI experience 
prove that pacing can evolve... 
advance...become simpler yet 


Energy for Life 


superior. Thats MICROTHIN-P2. It 
is the simple, effective solution for 
the majority of your pacemaker 
patients. 


For single-rate demand pacing, ask 
your sales representative about 
MICROTHIN-D2. 


*For a copy of CPI's "Seven Years of Reliability" * 
report, contact your sales representative. 

**The lifetime warranty option is not available in all 
countries. Contact your sales representative for full 
warranty information for your area 





Nitrol (nitroglycerin ointment, 275) 
and sublingual tablets are ideal 
companions for treatment of an- 
gina pectoris. Tablets work 
immediately, but results are 
fleeting. Nitrol acts rapidly 

(15 minutes), and the consis- 

tent, beneficial effects are sus- 


tained for up to four hours. 1 
Because Nitrol is an ointment, you can titrate ^ 


dosage to provide the exact amount of nitroglycerin E 
needed to bring predictable long-lasting pain relief x 


to individual patients. 


The clinical efficacy of Nitrol — the original 
nitroglycerin ointment — has been confirmed in 


Nit $ 


(nitroglycerin ointment, 2%) 


DESCRIPTION: 2% Nitroglycerin (glyceryl trini- 
trate) in a special lanolin-petrolatum base. Each 
inch (approx. 750 mg) of NITROL Ointment con- 
tains 15 mg of nitroglycerin 
CLINICAL RHARMA OLOGY: When the ointment 
is spread on the skin, the active ingredient (nitro- 
glycerin) is continuously absorbed through 
the skin into the circulation, exerting prolonged 
vasodilator effect, regardless of the site T 
application 

Nitroglycerin relaxes smooth muscles and 
dilates the arterioles and capillaries, especially 
in the coronary circulation. This allows increased 
blood supply to the myocardium, tending to relieve 
myocardial ischemia. NITROL Ointment produces 
peripheral vasodilation with decreased arteriolar 
resistance and increased volume and favorably 
affects peripheral vascular resistance, venous 
Capacitance, preload and afterload which may 
be the basis of its action in angina pectoris. 
Nitroglycerin favorably influences myocardial 
oxygen consumption, resulting in increased 
esardial efficiency and significant improve- 
ment in left ventricular function. NITROL Oint- 


ment also produces sustained, enhanced exer- 
cise Capacity; attenuation of ischemic EKG 
changes; concomitant changes in heart rate and 
blood pressure without evidence of tolerance 
or toxicity. Hemodynamic alterations are similar 
to those of sublingual nitroglycerin, but onset 
(15 minutes) is delayed and the effect (up to 4 
hours) is prolonged. Recent clinical studies in 
hospitalized patients, however, suggest the 
duration of NITROL Ointment to be eight hours. 
INDICATIONS: Prevention and treatment of an- 
gina pectoris associated with or resulting from 
coronary insufficiency, coronary artery disease. 
coronary occlusion, or subacute myocardial 
infarction. 

CONTRAINDICATIONS: Contraindicated in pa- 
tients with marked anemia, increased intraocular 
pressure or increased intracranial pressure; oF 
in patients with known idiosyncrasies to nitrites 
WARNING: In terminating treatment, both the 
dosage and frequency of application must be 
gradually reduced over a period of 4 to 6 weeks 
to prevent sudden withdrawal reactions, which 
are characteristic of all vasodilators in the 
nitroglycerin class 

PRE AUTIONS: Hypotensive headache is a sign 
of overdosage. Elderly patients may have no 
untoward symptoms while recumbent but may 
develop postural d with faintness upon 
suddenly arising. The dosage should be reduced 
in these patients 


it is not known wl 


cause fetal harm when adr to apreg- 
f i 


- woman phd ysl Ji 
shouid {i a pregnant 
oni i ca needed. oe 
ADVERSE REACTIONS: Transient headaches. 
which may be treated with mild analgesics. Dos- 
age may be reduced in those patients experi 
encing persistent headache. Tachycardia, dizzi- 
ness, flushing, although uncommon, may occur. 
Contact dermatitis has been reported with 
continuous use of topical s gael 
Such incidences may be reduced by changin 
the site of application or by using topica 
corticosteroids. 
DRUG ABUSE AND DEPENDENCE: Experience 
has revealed no evidence of drug abuse and 
dependence associated with use of NITROL 
Ointment. 
MANAGEMENT OF OVERDOSAGE: Should hypo- 
tension resulting from overdosage develop, quickly 
remove the ointment. Severe hypotension usually 
responds to the administration of phenylephrine 
HCI or levarterenol bitartrate 
DOSAGE AND ADMINISTRATION: For angina 
pectoris: Apply every 3 to 4 hours as required. 
Usual dose, 1 to 2 inches squeezed from the 
tube, although some patients may require as 
much as 4 or 5 inches. Spread over approxi- 
mately 2" x 3" area in a thin, uniform layer on 
the skin. Optimum dosage is determined by start- 
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ily accomplished with the aid of the specially 
designed Appli-Ruler™ with the ointment. 
Squeeze ointment onto the graduated area of the 
Appli-Ruler and spread over the desired skin 
area. Keep the tube tightly closed and store at 
controlled room temperatures 
SUPPLIED: 30 gram tube 

60 gram tube 

30 gram 6-Pack Unit 

60 gram 6-Pack Unit 


Revision Date 3/81 
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Kremers-Urban Company 
Milwaukee, Wisconsin 53201 


© 1981 Kremers-Urban Company 





INTRODUCING THE ~ 
VARIAN V3400R 





The Best Buy 
In Ultrasound 
Sector Scanning 


New and improved features and 
a capacity for integrating future 
developments make the new 
Varian V-3400R phased array 
sector scanner the best buy in 
cardiac ultrasound imaging. 


Superior Image Quality 


New image processing compo- 
nents combine with the smallest 
transducer available in real-time 
sector scanning. 

Advanced Clinical Features 
A more compact, mobile unit; 
sharper images with a new strip 
chart recorder; built-in video- 
tape recorder with remote con- 
trols; display of up to four phys- 
iological channels; and a high- 
quality M-mode with new 
capabilities. 


NAM tine Moda) | 


The widely accepted Varian 
Digital Scan Processor (DSP) 
with dual memory, now with 





Ease of Control 
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Improved Strip Chart 1 








improved software, provides 
grey-scale manipulation; vari- 
able image persistence; frame 
averaging; expanded freeze 
frame; and quantitation capabil- 
ities. Also, evaluate data with 
the companion Image Analysis 
Center. J 

H J 
Flexible, Upgradeable | 
Built-in capacity for integrating 
future Varian developments now 
in progress such as: Digital 


M-Mode, Dual-Phasing High- | 
Resolution Image Processing, z 











and Doppler. 4 
Learn More Details - 
Contact Varian Medical i 


Group Marketing, 3 
611 Hansen Way, Palo Alto, i 
CA 94303, (415) 493-4000 | 
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Mobility 


another reason to prescribe Ativan: 


Ativan: no interactio 


LOCA eor) 


Unlike diazepame and chlordiazepoxidec 
Ativan clearance is not delayed by Tagamet '? 


... a particularly striking and practical illustration of the fact that 

all benzodiazepines are not alike. Concomitant use of Tagamet has been 
shown to cause excessive accumulation and oversedation in patients 
taking diazepam! No such interaction has been shown to occur with 
Ativan. Thus, with Ativan, there is less risk of drug accumulation leading to 
unwanted sedation in patients on Tagamet therapy. 

Infact, Ativan has been given with a large number of widely prescribed 
cardiovascular and gastrointestinal medications without evidence of 
interaction. All benzodiazepines, however, produce additive effects when 
given with CNS depressants, such as barbiturates or alcohol. 


Copyright © 1981, Wyeth Laboratories. All rights reserved. 
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Other advantages of Ativan (orazepam) 


Shorter half-life helps avoid excessive accumulation 
No active metabolites, less work for the liver 
B.1.D. dosage encourages compliance 


lorazepam) « 


References: 
1. Klotz U, Reimann |: N Engl J Med 302:1012-1014, 1980. 
2. Desmond PV, Patwardhan RV, Schenker, S, etal: 
Ann Intern Med 93:266-268, 1980. 
3. Patwardhan RV, Yarborough GW, Desmond PV, et al: 
Gastroenterology 79:912-916, 1980. 


Tagamet(cimetidine) is a registered trademark of 
Smith Kline & French Laboratories, Division of SmithKline Corporation 


'Anxiety or tension associated with the stress of everyday life 
usually does not require treatment with an anxiolytic. Wyeth Laboratories 


See important information on following page. AA 
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-Brief Summary of Prescribing Information. 


Indications and Usage: Management of anxiety disorders or short-term relief of symptoms of 
anxiejy or anxiety associated with depressive symptoms. Anxiety or tension associated with 
stress of everyday life usually does not require treatment with an anxiolytic. 

Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients not to operate machinery or motor vehicles, and of diminished tol- 
erance for alcohol and other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 

Precautions: |n depression accompanying anxiety, consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation. Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may 
result in symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and 
occasional convulsions. Observe usual precautions with impaired renal or hepatic function. 
Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestina! or cardiovascular compo- 
nent. Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg/kg/day. No effect dose was 1.25mg/kg/day (about 6 times maximum human therapeutic 
dose of 10mg/day). Effect was reversible only when treatment was withdrawn within 2 months 
of first observafion. Clinical significance is unknown; but use of lorazepam for prolonged 
periods and in geriatrics requires caution and frequent monitoring for symptoms of upper G.I. 
disease. Safety and effectiveness in children under 12 years have not been established. 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 


| are recommended during long-term therapy. 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol. 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 


— . Occasional anomalies (reduction of tarsals, tibia, metatarsals, mairotated limbs, gastroschisis, 
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malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at4nstitution of therapy should be considered. Advise patients if they become preg- 
nant to fincas with their physician about desirability of discontinuing the drug. In 

humans, bood levels from umbilical cord blood indicate placental transfer of lorazepam and its 
glucuronide. 


NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients, most frequent adverse reaction is sedation (15.996), followed by dizziness (6.996), 
weakness (4.296) and unsteadiness (3.496). Less frequent are disorientation, depression, nau- 
sea, change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
. function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 
Overdosage: |n management of overdosage with any drug, bear in mind multiple agents may 
have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U.S.P. Usefulness of dialysis has not been determined. 


Ativan'< 
For,(orazepam) 





Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
may vary from 1 tq 10mg/day in Bivided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 


Wyeth Laboratories 


Copyright 9 1981 Wyeth Laboratories. All rights reserved. 
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PS a 
How thorough and unbiased 
is your drug reference? * 


If it's not 
MODERN DRUG 
ENCYCLOPEDIA, 
you can't be sure. 


| 


MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 15th Edition 


Arthur J. Lewis, MD, Executive Editor 
Gertrude Dittus Gonzales, R.Ph., B.S. Pharm., Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 


The all new 15th Edition of MODERN DRUG ENCYCLOPEDIA is 
written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 


An independent team of pharmacists and physicians has researched and edited 
all the facts on 3,000 prescription drugs. It passes this research On to you in an 
easy to absorb style that’s perfectly suited to the tight schedule of a time pressed 
practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They don’t edit. 
Just print material manufacturer pays to have included. 


Here’s what careful planning does for 

MODERN DRUG ENCYCLOPEDIA: 

* limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

* [ists over 3,000 pharmaceuticals, biologicals, and allergens in one 
a-z sequence. 

* arranges entries by generic name. All brand names in one place. 

* written in concise language for quick comprehension 

* designed with a "strong focus” layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs alphabeti- 
cally by generic name. Each entry covers vital facts about brand 
names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found 

in the main secton as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

èe THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your pa- 
tient's special needs. 

* MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 


And, our Free Updating Service informs you of changes in 
specifications and introduces new drugs. These periodic sup- 
plements adopt the same easy-to-read format of the basic volume. 
You receive them free of charge until the publication of the next 
(16th) Edition 


Try using MODERN DRUG ENCYCLOPEDIA for 30 days at our 
risk. Then keep it only if you're convinced that it answers a practi- 
tioner's need for concise, easy to read information on prescription 
drugs. 

& 
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Yorke Medical Books 
666 FIFTH AVENUE, NEW YORK, N.Y. 10103 


Please send me a copy of the all-new 15th Edition of MODERN 
DRUG ENCYCLOPEDIA and enter my two year free subscription 
to the Periodic Updating Service. If this new edition is the best 
drug information reference for practitioners available, | will remit 
$38.95, plus shipping. Otherwise, | will return it within 30 days 
and owe nothing. 

[.] | am enclosing $38.95 now as full payment. 

Publisher pays shipping. Same return guarantee 

O Charge my credit card: C) Master Card O Visa. 








Card No. " Expire date 
NAME ia 
' ADDRESS 
CITY SIAKIb. s +... ZIP 


New York residents add applicable sales tax. Available outside Western 
Hemisphere at $44.00 per copy. : 
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THE 
CONFIDENCE. 
CAPSULE 





Introducing Dilatrate"sn...for proven 
I2-hour activity, when compared wit 
' the leading long-acting isosorbide 
dinitrate product. 





/Leading/Long-Acting 
/ Isosorbide Dinitrate 
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* | «, Coinputer-generated curves based on activity levels. 
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A nitrate delivery system that A nitrate delivery system with 
‘provides proven 12-hour activity- helps a constant release rate notdependenton - 
give angina patients a more normal lite ^ gastric pH or enzymes 


DILATRATE-SR demonstrated sustained levels of In DILATRATE-SR, an advanced microdialyzing 
activity compared to the most widely used long- membrane meters the release of nitrate. The water- 
acting ISDN in an evaluation of data "oy activated membrane continually adjusts 
measuring diastolic amplitudes,' a a e.. permeability to keep the rate constant. 







sensitive measure of nitrate activity.? Oge 


With b.i.d. dosage, DILATRATE-SR may 
offer clear benefits for angina patients: 
fewer attacks, less fear and apprehen- 
sion, reduced need for nitroglycerin. 


Dilatrate-SR 


(isosorbide dinitrate) 40 mg bid. 


The confidence capsule...for more 
dependable 12-hour activity 


DILATRATE-SR offers a preferable 

sv "NE therapy for long-acting control — with an 
t» Ware? advanced delivery system. 

pem wo t k 
No: Please see next page for prescribing 
| information. 
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Now for angina prophylaxis, Dilatrate‘sr... 
proven I2-hour activity, when compared with the leading 
long-acting isosorbide dinitrate product. 


Leading Long -Adting 
Isosorbide Dinitrate 





Dilatrate-sn 


(isosorbide dinitrate) 
“One bid. 


The confidence capsule 


BRIEF SUMMARY 


“Indications: Based on a review of the drug by the National 
Academy of Sciences - National Research Council and/or 
other information, FDA has classified the indications as 
follows: 


Possibly effective: For the relief of angina pectoris (pain of 
coronary artery disease). Dilatrate is not intended to abort 


the acute anginal episodes but is widely regarded as useful 
in the prophylactic treatment of patients with angina 
pectoris. ° 


Final classification of the less-than-effective indication 
requires further investigation. 





CONTRAINDICATION: Idiosyncrasy to this drug. 


WARNINGS: Data supporting the use of nitrates and nitrites during 
the early days of the acute phase of myocardial infarction (the 
beriod during which clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


PRECAUTIONS: Tolerance to this drug, and cross tolerance to 
othe mitrates ana nitrites may occur. 






Dilatrate-sr 


ao" 


A nitrate delivery system that provides proven 
12-hour activity levels 


A delivery system with a constant release rate 
not dependent on gastric pH or enzymes 


An advanced delivery system to help angina patients 
lead a more normal life 


ADVERSE REACTIONS: Cutaneous vasodilation with flushing. 
Headache is common and may be severe and persistente Transient 
episodes of dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension may occa- 
sionally develop. This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine, and many other 
agents. An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite, and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and 
collapse) can occur ever with the usual therapeutic dose. Alcohol 
may enhance this effect. Drug rash and/or exfoliative dermatitis 
may occasionally occur. 


For full prescribing information, consult package insert. 


References: 1. Smolen VF: Data on file, Medical Department, "Reed & Carnrick. 2. Smolen VF: Practi@l Phar- 
macodynamic Engineering in the Design, Development and Evaluation of Optimal Drug Products, in Beckett AH 
and Beas (eds). Recent Advances in Pharmaceutical Sciences. Vol. 5, Academic Press, in press 


[je REED & CARNRICK 
Kenilworth, N.J. 07033 . 





“EXPERIMENTAL STUDIES 





Prostacyclin in Experimental Myocardial Ischemia: Effects on 


Hemodynamics, Regional Myocardial Blood Flow, ye. 
Infarct Size and Mortality 


LAIR G. T. RIBEIRO, MD* 

TEDD A. BRANDON 

D. GREGG HOPKINS, MD 
LAWRENCE A. REDUTO, MD, FACC 
ADDISON A. TAYLOR, MD, PhD 
RICHARD R. MILLER, MD, FACC 


Houston, Texas 
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*Present address: Deborah Heart & Lung Cen- 
ter, Browns Mills, New Jersey. 

Address for reprints: Richard R. Miller, MD, 
Section of Cardiology, Baylor College of Medicine, 
The Methodist Hospital, 6535 Fannin Street, 
Houston, Texas 77030. 


To determine the actions of prostacyclin in acute myocardial ischemia, 
the left anterior descending coronary artery was ligated in 26 anesthetized 
dogs. At 15 and 45 minutes after coronary ligation, regional myocardial 
blood flow (ml/min per 100 g) and cardiac output (ml/min) were measured 
by the radiolabeled microsphere technique (strontium-85 or cerium-141 
[8 to 104]). The dogs were randomly allocated 17 minutes after coronary 


ligation to a control group (n — 17) or to treatment with prostacyclin 


infusion at 0.32 g/kg per min for 6 hours (n = 9). Heart rate and cardiac 
output were unchanged (p >0.05) by prostacyclin; mean systemic arterial 
pressure decreased from 121 + 8 to 90 + 3 mm Hg (mean + standard 
error of the mean) (p <0.01) and systemic vascular resistance from 2,690 
+ 339 to 2,372 + 398 dynes ° s* cm ? (p <0.05). Prostacyclin reduced 
blood flow in nonischemic myocardium from 116 + 12 to 80 + 3 ml/min 
(p <0.01); flow in the ischemic zone was unchanged (p 70.05) from 22 
+ 5 to 20 + 4 ml/min. Thus, the ratio of ischemic to nonischemic flow was 
increased by prostacyclin from 0.20 + 0.03 to 0.25 + 0.05 (p <0.05); 
neither the ischemic nor the nonischemic endocardial/epicardial flow 
ratio was altered (p >0.05). In the control dogs, all variables Whained 
constant (p >0.05) from 15 to 45 minutes. Mortality to 6 hours after cor- 
onary ligation was 0 of 9 in prostacyclin-treated versus 6 of 17 (35 per- 
cent) in control dogs (p <0.06). Surviving dogs were killed 24 hours after 
ligation and infarct size, determined by planimetry and weight techniques, 
was 18 + 2 percent of left ventricle in prostacyclin-treated dogs versus 
22 + 2 percent in control dogs (p >0.05). Thus, prostacyclin in acute 
myocardial ischemia decreases myocardial oxygen demands, maintains 
ischemic myocardial blood flow while decreasing nonischemic flow, and 
greatly reduces early mortality. 


Prostacyclin, a metabolite of arachidonic acid through the prostaglandin 
endoperoxide pathway, is synthesized in the endothelium of blood ves- 
sels. It is the most potent known inhibitor of platelet aggregation,’ is 
a coronary vasodilator?-? and, in addition, may stabilize lysosomal 
membranes.9 Each of these individual properties is of possible value in 
the protection of ischemic myocardium"-!?; in concert they afford 
prostacyclin a role of potential importance in myocardial ischemia. 
Moreover, it has previously been demonstrated that other prostaglandins 
may be of value in the preservation of ischemic myocardium, cause 
beneficial redistribution of regional myocardial blood flow!? and reduce 
arrhythmias.!4-16 This investigation was undertaken to elucidate the 
actions of prostacyclin on cardiac hemodynamics, regional myocardial 
blood flow, mortality and myocardial infarct size after experimental 
acute coronary arterial occlusion. 


Methods 


isi nal preparation: Twenty-six mongrel dogs weighing between 
17 and 32 kg were anesthetized with intravenously administered sodium thi- 
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PROSTACYCLIN IN MYOCARDIAL ISCHEMIA—RIBEIRO ET AL. 


amyJal, 12 mg/kg body weight and succinyl choline, 1 mg/kg, 
intubated and artificially ventilated with a volume respirator. 
Polyethylene catheters were placed in a femoral artery and 
the common carotid artery for withdrawal of reference blood 
samples and continuous recording of systemic arterial pres- 
sure, respectively. An additional catheter was placed in the 
internal jugular vein for administration of medication and 
fluid infusion. A left thoracotomy was performed in the fifth 
Infercostal space and the heart suspended in a pericardial 
cradle. An indwelling polyethylene catheter was placed in the 
left atrium for injection of radiolabeled microspheres. The left 
anterior descending coronary artery was dissected free from 
adjacent tissue above the first diagonal branch and occluded 
permanently with a silk suture. 

Radiolabeled microsphere injection: At 15 and 45 min- 
utes after occlusion 2 X 106 microspheres, 9 + 1j in diameter, 
labeled with either cerium-141 or strontium-85 (3 M Com- 
pany, Minneapolis, Minnesota) were injected with 5 ml of 
sucrose into'the left atrium over a period of 15 seconds. The 
order of cerium and strontium injections was randomized. The 
left atrial catheter was then flushed with a solution of 6 ml of 
_0.9 percent sodium chloride at a constant rate over the next 
10 seconds. Beginning 5 seconds before injection of the ra- 
diolabeled microspheres, blood was withdrawn from a femoral 
artery at a constant rate of 15.3 ml/min for 90 seconds. The 
microspheres were suspended in a 53 percent sucrose solution 
to which Tween 809 (polyoxyethylene-80-sorbitan mono- 
oleate), 2 drops/50 ml solution, was added to prevent aggre- 
gation. Prior to injection the microsphere solution was ul- 
trasonicated for at least 15 minutes and then shaken by 
hand. 

Prostacyclin-treated versus control group: Immediately 
after the first injection of radiolabeled microspheres, each 
animal was randomized into either a control group (17 dogs) 
or a groytreated with prostacyclin, 0.32 ug/kg per min by 
intraverfous infusion for 6 consecutive hours (9 dogs). Pros- 
tacyclin was placed in a vehicle of 0.05 M tromethamine (Tris) 
buffer adjusted to a pH of 9.4 and infused at room tempera- 
ture. À new solution was mixed every 2 hours. At this pH 
prostacyclin is stable at room temperature for at least 4 hours 
(personal communication: Aikens JW, Experimental Biology 
Research, The Upjohn Company, Kalamazoo, Michigan). 
Infusion of prostacyclin was initiated immediately after 
randomization so that the second injection of radiolabeled 
microspheres occurred after approximately 30 minutes of 
constant prostacyclin administration. Control animals re- 
ceived a continuous intravenous infusion of normal saline 
solution with Tris buffer adjusted to a pH of 9.4 equivalent 
in volume to that administered to the treated group. 

Seven of the 17 control animals died before 24 hours so that 
infarct size could be quantified only in the 10 surviving ani- 
mals. In the treated group, infarct size was measured in all 
nine animals because there were no deaths during the 24 hour 
period. For determination of regional myocardial blood flow 
in the control group, only animals surviving 24 hours were 
utilized for this measurement. One of the 10 surviving animals 
was excluded for technical reasons so that myocardial blood 
flow was determined in ninecontrol animals and each of the 
nine prostacyclin-treated dogs. 

Quantificatiort of infarct size: The animals were killed 
24 hours after coronary occlusion and the hearts immediately 
excised. The distance from the aorta to the site of occlusion 
in the proximal left anterior descending coronary artery was 
measured. 'The hearts were then sliced in breadloaf fashion 
from apex to base into four slices each approximately 1.5 cm 
in thickness. Each slice was then placed in a solution of tri- 
phenyl tetrazolium chloride at 37? C for 30 minutes. Triphenyl 
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tetrazolium chloride (T'TC) is reduced by dehydrogenase dl 
contained in viable cells, thereby staining nonischemic myo- 
cardium a dark red. Infarcted dehydrogenase-deficient 
myocardium is stained a pale grey or yellow due to its inability 
to reduce T'TC and hence is clearly demarcated from non- 
ischemic myocardium.!? 

Quantification of the portion of left ventricular myocar- 
dium infarcted was accomplished by two techniques. In the 
first, clear plastic sheets were placed over each of the four 
slices of left ventricle. Utilizing the well demarcated border 
afforded by the triphenyl tetrazolium chloride that separated 
infarcted from noninfarcted myocardium, the extent of in- 
farcted and noninfarcted muscle was traced and subsequently 
determined with planimetry. The infarcted myocardium from 
each slice was then summed and the percent of infarcted left 
ventricular area calculated. In the second method, the in- 
farcted myocardium was carefully dissected away from the 
noninfarcted myocardium. The total areas of infarcted and 
noninfarcted myocardium from the four slices were weighed 
separately and the percent of infarcted myocardium calcu- 
lated. Estimation of infarct size was accomplished in nine 
animals that received prostacyclin and in the 10 control dogs 
that survived 24 hours. 

Six transniural muscle samples, each weighing between 3 
and 4 g (mean 3.3 g), were obtained from the four slices of left 
ventricular myocardium. Three samples were taken from 
normal myocardium and three from the infarcted zone. A 
standardized method was utilized so that all samples were 
obtained from the equivalent slices in each animal. Each 
transmural specimen was then divided into an endocardial 
and an epicardial portion. 

Regional myocardial flow and cardiac output: The ra- 
dioactivity of each endocardial and epicardial sample and the 
reference sample were measured in a gamma scintillation well 
counter (model 1185, Searle Medical Products, Des Plaines, 
Illinois). Regional myocardial blood flow and cardiac output 
were calculated utilizing previously described methods.!5-7? 

Statistics: Student's t tests for paired and nonpaired data 
were utilized for statistical evaluation; the Fisher exact test 
was used for evaluation of mortality.?! All results are pre- 
sented as mean values + standard error of the mean. 


Results 


Control data: All measured and derived cardiocir- 
culatory indexes were similar (p 70.05) in the control 
and treatment groups 15 minutes after coronary oc- 
clusion (Table I). In addition, mean body weight (23 + 
1 kg in the control versus 25 + 1 kg in treatment group) 
and measured distance from aorta to the site of coronary 
occlusion (3.0 + 0.10 cm in control versus 2.9 + 0.20 cm 
in treatment group) were the same (p 20.05) jn both 
groups. In the control animals no variable was altered 
(p 20.05) from the measurement period 15 minutes 
after coronary artery occlusion to the second measure- 
ment period, 45 minutes after occlusion (Table I). 

Myocardial blood flow after prostacyclin: Table 
I summarizes the effects of prostacyclin on hemody- 
namic variables after coronary arterial ligation. 
'Transmural myocardial blood flow in the nonischemic 
myocardium was 116 + 12 ml/min per 100 g 15 minutes 
after coronary occlusion and decreased to 80 + 7 ml/min 
per 100 g during prostacyclin infusion (p «0.01) (Fig. 
1, Table II). In the ischemic myocardium, transmural 
flow was unchanged (p >0.05) by prostacyclin (from 22 
+ 5 to 20 + 4 ml/min per 100 g). Thus, the ratio of 


TABLE | 


Effects of Prostacyclin on Hemodynamics After Coronary 
Arterial Ligation (mean + standard error of the mean) 


Prostacyclin- 


Treated Control 
Group Group 
Before ligation 
HR (beats/min) 148 +9 149 + 14 
BP (mm Hg) 12945 12349 
15 minutes after ligation 
HR (beats/min) 160 + 13 155 4 9 
BP (mm Hg) 1211 8 123 7 
Double product 22,968 + 2,743 21,437 t 1,677 
CO (ml/min) 3,967 + 452 3,241 + 190 
TPR (dynes - s - cm ^5) 2,690 + 339 3,098 + 220 
CR (dynes - s - cm^ 5/100 g) 87415 106 + 16 
45 minutes after ligation 
HR (beats/min) 1474+ 11 157 = 6 
BP (mm Hg) 90 + 3! 117+6 
Double product 16,531 + 1,405! 22,096 + 1,113 
CO (ml/min) 3,661 + 568 3,108 + 373 
TPR (dynes - s - cm^5) 2,372 + 398* 3,404 + 580 
CR (dynes - s - cm^5/100 g) 959 106 + 24 


stt probability yahies versus data 15 minutes after ligation: * p 
<0.05, ! p <0.01, * p <0.001. 

BP — mean arterial blood pressure; CO = cardiac output; CR = 
coronary resistance in nonischemic myocardium; Double product — 
systolic blood pressure X heart rate; HR = heart rate; TPR = total pe- 
ripheral resistance. 


ischemic/nonischemic myocardial blood flow was in- 
creased from 0.20 + 0.03 to 0.25 + 0.05 (p <0.05). The 
endocardial to epicardial perfusion ratio in ischemic as 
well as nonischemic myocardium was unchanged (p 
20.05) (Table II). 

Mortality: Total mortality during the initial 6 hours 
of observation was 35 percent (6 of 17) in the control 
group (Fig. 2). One additional animal in the control 
group died after the first 6 hours. Ventricular fibrillation 
was documented in each of the four control animals that 
died during the 1st hour after coronary occlusion. The 
remaining two dogs died suddenly, presumably also 
from ventricular fibrillation. In marked contrast, none 
of the nine animals treated with prostacyclin for 6 hours 
died (Fig. 2). 

Myocardial infarct size: T'here was close agreement 
(r = 0.89) between the planimetric and weight methods 
of determining myocardial infarct size (Fig. 3). By 
planimetry the percent of left ventricle determined to 
be infareted was 22 + 2.6 percent in the control dogs and 
18 + 2.2 percent in the treated dogs (p >0.05) (Fig. 4). 
Similarly, by the weight technique of infarct size 
quantification, the percent of left ventricle infarcted was 
17 + 2.4 percent in the treated dogs and 21 + 2.1 percent 
in the control dogs (p »0.05). 


Discussion 


Role of prostaglandins in myocardial ischemia: 
Interest in the role of prostaglandins in regulating car- 
diac hemodynamics and in modulating coronary blood 
flow has accelerated greatly in recent years.1??2?-?» With 
elucidation of the actions of exogenous E; and A pros- 
taglandins to increase coronary blood flow in tha dog 
model,?? and the relation between adenine nucleotides 
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FIGURE 1. Myocardial blood flow in nonischemic (A) and ischemic (B) 
myocardium 15 minutes after ligation of the left anterior descending 
coronary artery (Control) and after 30 minutes of continuous infusion 
of prostacyclin (PGI). Prostacyclin resulted in a marked decline in 
nonischemic myocardial flow while not altering flow to the ischemic 
region. 


and prostaglandin release,?9 the importance of a pos- 
sible role of various prostaglandins in myocardial 
ischemia has become evident. In this regal, recent 
studies of the actions of prostaglandin E, and E» in 
acute myocardial ischemia in experimental animals 
demonstrated improved cardiac hemodynamics and 
evidence of decreased myocardial ischemic injury.?7.28 
It has been postulated that the E type of prostaglandins 
protect ischemic myocardium and that this action is 
afforded by stabilization of cardiac lysosomal mem- 
branes, a reduction of myocardial oxygen demand, and 
inhibition of platelet aggregation.9-!? Finally, prosta- 
glandins E; and E; produce coronary vasodilation that, 
in the presence of reduced afterload and decreased 
myocardial oxygen requirements, may allow favorable 
redistribution of coronary blood flow.?* 

Effects of prostacyclin on myocardial ischemia: 
Whereas previous studies have defined the powerful 
inhibitory actions of prostacyclin on platelet aggregation 
and certain effects on hemodynamic variables,'?? the 
present study elucidates the actions of a continuous 
infusion of prostacyclin on (1) regional myocardial blood 
flow, (2) the extent of myocardial necrosis, (3) mortality, 
and (4) hemodynamics in acute myocardial ischemia 
after coronary arterial ligfition. In our study, prostacy- 
clin significantly decreased systemic blood pressure and 
vascular resistance (p «0.05), tended to lower heart rate 
and did not alter cardiac output (both p >0.05). Thus, 
the agent caused a substantial decrease in impedance 
to left ventricular ejection and decreased the index of 
myocardial oxygen consumption, the heart rate-blood 
pressure product, thereby resulting in a reduction in 
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TABLE Il 


Effects of Prostacyclin on Regional Myocardial Blood Flow 


After Coronary Arterial Ligation* 


Prostacyclin- 


Treated Control 
Group Group 
V f Nonischemic Myocardium 
15 minutes after ligation 
Endocardial flow 118 4 12 106 + 13 
Epicardial flow 114+ 13 103 + 13 
Transmural flow 116 + 12 104 + 13 
Endo/epi ratio 1.07 + 0.05 1.04 + 0.04 
45 minutes after ligation 
Endocardial flow 81+ 6! 107 + 15 
Epicardial flow 79 t 7! 108 + 15 
Transmural flow 80 + 7.0! 107 + 15 
Endo/epi ratio 1.05 + 0.06 1.00 + 0.06 
Ischemic Myocardium 
15 minutes after ligation 
Endocardial flow 21+7 12+4 
Epicardial flow 39 + 11 28+6 
Transmural flow 22 +5 20+ 5 
Endo/epi ratio 0.55 + 0.10 0.36 + 0.06 
45 minutes after ligation 
Endocardial flow 176 1446 
Epicardial flow 3216 3129 
Transmural flow 20+ 4 23 + 8 
Endo/epi ratio 0.48 + 0.09 0.37 + 0.09 


* All flows are expressed as ml/min per 100 g myocardium. 
t Probability (p) «0.01 versus values at 15 minutes after ligation. 
Endo/epi ratio — ratio of endocardial to epicardial flow. 


myocardial blood flow to the nonischemic myocar- 
dium. q » 

Concbmitant with the reduction in myocardial oxy- 
gen demands, transmural myocardial blood flow in the 
ischemic zone was not reduced. Preservation of ischemic 
myocardial blood flow was most likely related to en- 
hanced coronary collateral flow to the ischemic area, as 
has been demonstrated to occur after administration 
of nitroglycerin.?? Transmural myocardial flow to the 
normal myocardium was substantially lowered (p 
<0.02) by prostacyclin. This decline presumably re- 
sulted from a combination of factors including reduced 
coronary perfusion pressure and decreased metabolic 
demands with consequent autoregulation. 


Mortality (%) 





Control Prostacyclin 


FIGURE 2. Percent mortality during the first 6 hours after coronary li- 
gation in control and prostacyclin-treated dogs. One additional control 
dog died after the 6 hour monitoring period. Prostacyclin infusion re- 
sulted in complete protection against fatal ventricular fibrillation during 
actte coronary ligation. 
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FIGURE 3. Relation between muscle weight and planimetric techniques 
of estimating infarct size expressed as percent of left ventricle in- 
farcted. 


In this regard, the ratio of ischemic to normal myo- 
cardial blood flow was increased by prostacyclin. 
However, the endocardial to epicardial flow ratio was 
not altered. When this ratio is considered in relation to 
aortic pressure, it is apparent that perfusion to the 
ischemic endocardium is maintained during prostacy- 
clin despite a substantial decline in systemic pres- 
sure. 

The relative actions of prostacyclin on ischemic and 
nonischemic myocardial flow appear to differ sub- 
stantially from those of nitroprusside. With use of the 
same protocol and techniques, nitroprusside was in- 
fused to lower systemic blood pressure from 117 to 81 
mm Hg, and myocardial blood flow was quantified at 
a time corresponding to that measured during prosta- 
cyclin infusion.?! Blood flow decreased in a parallel 
fashion in both ischemic and nonischemic myocardium; 
the ischemic to nonischemic flow ratio was therefore 
unchanged. In addition, during nitroprusside infusion 
heart rate tended to increase?! in contrast to the ten- 
dency to decrease in animals receiving prostacyclin. 

Effect on arrhythmias and mortality: The 6 hour 
infusion of prostacyclin had a pronounced effect on 
mortality that was independent of a significant effect 
on measured infarct size. Thus, it is apparent that the 
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FIGURE 4. Effects of 6 hour prostacyclin (PGI) infusion on myocardial 
infarcjaegize compared with control values. Infarct size was quantified 
by the planimetric technique. Prostacyclin exerted no discernible effect 
on the extent of infarction. 


' beneficial actions of prostacyclin are related to its ability 


to prevent lethal arrhythmias. The maintenance of flow 
to the ischemic region concomitant with reduced oxygen 
demands and inhibition of platelet aggregation appear 
to have afforded cell membrane electrical stability 
preventing arrhythmogenic death. The direct actions 
of prostacyclin on electrical stability of the myocardial 
cell membranes are unknown. Previous investiga- 
tors!4-16 have documented an antiarrhythmic effect of 
other prostaglandins. 

Because our technique of determining infarct size by 
the triphenyl tetrazolium chloride method requires that 
the experimental animal survive approximately 24 
hours after coronary ligation,!? one must consider the 
possibility that the early mortality in the control group 
was related to more extensive acute ischemia and that 
prostacyclin did in fact limit ultimate infarct size. 
However, several points suggest that this was not the 
case. The measured distance from the aorta to the site 
of coronary ligation was the same in both the treated 
and control groups. Moreover, within the control group, 
there was no difference in site of ligation between sur- 
vivors and nonsurvivors. Additionally, most deaths 
occurred within the 1st hour after coronary ligation and 
resulted from ventricular fibrillation which was not 
preceded by hemodynamic deterioration. Thus, it ap- 
pears most likely that the marked reduction in mortality 
observed in the prostacyclin-treated group resulted 
from the agent's effect on ventricular arrhythmias 
through one of a number of potential mecha- 
nisms®:!4-16,32-35 rather than attenuation of infarct size 
in itself. 

Role of inhibition of platelet aggregation: Finally, 
data are accumulating concerning the prominent role 
of platelets in both atherogenesis and in acute coronary 
events.?2:33 Prostacyclin is the most potent inhibitor of 
platelet aggregation known, and accomplishes this 
function by activation of platelet adenyl cyclase with 
resultant accumulation of cyclic adenosine mono- 
phosphate.*4 In addition to prostacyclin's direct vaso- 
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dilating properties, the prevention of platelet aggrega- 
tion impedance to coronary collateral inflow to ischemic, 
electrically unstable cells would appear to be a poten- 
tially important beneficial mechanism of action of 
prostacyclin. The relative importance of the direct va- 
sodilator action of prostacyclin versus its platelet-in- 
hibiting action in preserving myocardial blood flow into 
the ischemic myocardium is unknown; however, it-is 
likely that both these actions occurring in concert are 
responsible for our findings. Finally, in addition to the 
important actions on platelet aggregation and vasodi- 
lation, prostacyclin has been shown to afford membrane 
stabilization, prevent gastric secretion,?? inhibit 
thromboxane production'?4 and inhibit sympathetic 
activity,?? all of which may potentially play a role in the 
agent's effect on mortality after coronary arterial liga- 
tion. . 

Implications: Our results indicate that prostacyclin, 
administered as a constant infusion after coronary ar- 
terial occlusion in the dog, decreases systemic blood | 
pressure without resultant tachycardia, thereby low- 
ering determinants of myocardial oxygen consumption. 
The agent differs from the vasodilator nitroprusside by 
maintaining ischemic myocardial flow while decreasing 
nonischemic flow as a result of reduction in aortic per- 
fusion pressure. Prostacyclin does not alter the endo- 
cardial/epicardial myocardial flow ratio. Finally, pros- 
tacyclin markedly reduces early mortality in this ex- 
perimental model. Because of the potential important 
role of prostacyclin in modulating coronary arterial tone 
and interaction among platelets and the salutory effect 
on lethal ventricular arrhythmias, further investigation 
of the detailed mechanisms of action of this intéresting 
substance is indicated. 
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To assess the potential role of platelet inhibitory agents in the treatment 
of myocardial infarction, the effect on infarct size of two platelet inhibitors, 
sulfinpyrazone and naproxen, was evaluated. In addition to platelet inhi- 
bition, sulfinpyrazone increases epicardial collateral flow and naproxen 
has lysosomal-stabilizing activity. Thirty-eight open chest dogs were given 
intravenously sulfinpyrazone (30 mg/kg, n — 11), naproxen (30 mg/kg, 
n = 14) or saline solution (n = 13) 10 minutes before and 3 and 6 hours 
after ligation of the mid left anterior descending coronary artery. Drug . 
doses were sufficient to inhibit adenosine diphosphate-induced platelet 
aggregation. The dogs were killed 72 hours after occlusion. Myocardium 
at risk of infarction—that is, the area supplied by the occluded artery 
(anatomic risk area)—was identified by simultaneous perfusion of the 
aortic root with Evans blue and of the coronary artery distal to the oc- 
clusion with clear saline solution. Hearts were sliced horizontally and 
stained with triphenyl-tetrazolium-chloride. The infarcted area and ana- 
tomic risk area were measured with videoplanimetry. The percent of left 
ventricle infarcted was not significantly different among the control, sul- 
finpyrazone and naproxen groups (28 + 2, 30 + 1, 28 + 2 percent, re- 
spectively) nor was percent of anatomic risk area infarcted significantly 
different (75 + 3, 79 + 3, 75 + 3 percent, respectively). Thus, neither 
sulfinpyrazone nor naproxen in platelet inhibitory doses altered infarct 
size. These results indicate that neither inhibitory effects on platelet 
function and prostaglandin synthesis nor associated lysosomal-stabilizing 
properties identify agents with consistent infarct-sparing action. 


Recently much attention has been focused on the role of platelets in 
coronary artery disease and the potential therapeutic efficacy of platelet 
inhibitory drugs.'-? Platelets may hasten development of atherosclerotic 
deposits or augment effects of preexisting coronary arterial narrowing. 
In addition, platelets may exacerbate the consequences of coronary oc- 
clusion either by aggregation within microvessels carrying collateral flow 
or by release of thromboxanes or other vasoactive materials. Hence, the 
hypothesis has been advanced that agents interfering with platelet 
function might reduce the extent of myocardial infarction after coronary 
occlusion.*° Recent reports of reduction in infarct size after coronary 
ligation in rats?" and dogs?? treated with ibuprofen, a potent platelet 
inhibitor, favor this hypothesis. In order to explore the hypothesis more 
completely, we evaluated the capability of two other platelet inhibitors, 
sulfinpyrazone and naproxen, to alter infaret size in a canine model 
similar to that used in studies of ibuprofea. 

Sulfinpyrazone has certain features of particular interest. In addition 
to interfering with platelet aggregation,!? possibly by inhibition of 
prostaglandin synthesis,!! sulfinpyrazone also appears to interfere with 
platelet-endothelial interaction.!? In the context of acute myocardial 
ischemia pretreatment with sulfinpyrazone has been found to improve 
epicardial collateral blood flow!? and to reduce the electrocardiographic 
evidence of ischemic injury! as well as the incidence of venio fi- 
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brillation.!^ Reports of clinical trials of this drug have 
indicated beneficial effects in patients with coronary 
artery disease.'? Thus, assessment of the influence of 
platelet-inhibitory doses of sulfinpyrazone on infarct 
size after coronary occlusion seemed particularly useful. 
Naproxen, like ibuprofen, is a nonsteroidal anti-in- 
flammatory agent derived from propionic acid. Nap- 
roxen shares many pharmacologic properties with 
ibuprofen: inhibition of platelet aggregation, interfer- 
ence with prostaglandin synthesis and lysosomal sta- 
bilizing activity.!?? However, it appears to have greater 
lysosomal stabilizing efficacy than ibuprofen.!®!9 Thus, 
assessment of infarct-sparing potential of naproxen 
would be of value in estimating the role of these shared 
properties in minimizing myocardial necrosis. 


Methods 
Platelet Aggregation 


. The effect of intravenous naproxen on in vitro platelet 

aggregation was studied in a separate series of five dogs; 
~“ analogous data for sulfinpyrazone were available from pre- 
vious studies.!°!3 To assess the platelet-inhibitory properties 
of differing doses, increasing amounts (3, 10, 30 and 100 mg/kg 
body weight) of naproxen were given intravenously; blood 
samples for aggregation studies were drawn 10 minutes after 
each dose. In two dogs given 30 mg/kg aggregation studies 
were repeated 24 hours after administration of naproxen. The 
aggregation techniques used have previously been present- 
ed.191323 In brief, aggregation was quantitated as change in 
optical transmission induced by addition of adenosine di- 
phosphate to platelet-rich plasma under carefully controlled 
circumstances. Optical transmission was defined as 0 percent 
for platelej- -rich plasma and 100 percent for platelet-poor 
plasma.. 


Infarct Size 


Experimental preparation: Forty-one dogs of either sex, 
weighing 20 to 32 kg, were anesthetized with sodium thiamylal 
(25 mg/kg intravenously) and ventilated with room air. The 
heart was exposed under sterile conditions through a left 
thoracotomy and suspended in a pericardial cradle. Blood 





CIRCUMFLEX 


SITE OF 


FIGURE 1. Left lateral view of the heart showing the site of occlusion 
of the left anterior descending (LAD) coronary artery and the method 
used to obtain epicardial electrograms from the ischemic area. ECG 
= electrocardiogram; LA = left atrium; LV = left ventricle; RV = right 
ventricle. 
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samples for oxygen saturation and hematocrit determination 
were obtained by left atrial puncture. The left anterior de- 
scending coronary artery was isolated from the surrounding 
tissues and a snare placed around it. The site of occlusion of 
the left anterior descending coronary artery was chosen to 
produce ischemia in a zone approximating the apical half of 
the distribution of this vessel. 

Four electrodes mounted 5 mm apart on Dacron? fabric 
were placed on the epicardial surface of the potentially isch- 
emic area (Fig. 1), and unipolar electrograms were recorded 
by a multichannel direct-writing recorder. The height of S-T 
segment was measured 100 ms after the onset of the QRS 
deflection. Sites showing intraventricular conduction ab- 
normalities (that is, delay of the intrinsic deflection exceeding 
40 ms or prolongation of the QRS complex beyond 65 ms) were 
excluded from the analysis. 

Two successive occlusions were carried out. The purpose 
of the first occlusion was selection of hearts with unequivocal 
myocardial ischemia. Electrograms were recorded 2 minutes 
and, if ischemia was not evident, 5 minutes after coronary 
occlusion; only dogs having S- T segment elevation (a sum total 
of at least 10 mV in the four leads) were admitted to study. 
The occlusion was then released. Two minutes later dogs were 
randomly assigned to three groups: naproxen (14 dogs, 30 
mg/kg intravenously), sulfinpyrazone (11 dogs, 30 mg/kg in- 
travenously) or normal saline solution (13 dogs, 30 ml intra- 
venously). Treatment was given 10 minutes before the second 
occlusion and repeated 3 and 6 hours later. The thorax was 
closed shortly after occlusion and the dogs were allowed to 
awaken. No attempt was made to suppress arrhythmic activity 
occurring after ligation. Blood samples for naproxen deter- 
minations were obtained 15 minutes after the first dose and 
immediately before the second and third doses. Plasma nap- 
roxen levels were determined by a gas-liquid chromatographic 
technique.* 

Identification and measurement of region at risk of 
infarction: Approximately 72 hours after occlusion, dogs 
received heparin (15,000 U intravenously) to prevent clotting 
in the coronary vasculature; immediately afterward, they were 
killed with lethal doses of sodium pentobarbital and the hearts 
removed. The region at risk of infarction (that is, the portion 
of left ventricle normally supplied by the occluded artery) was 
identified as previously described.?* In summary, one cannula 
was inserted into the left anterior descending coronary artery 
just below the site of ligation and a second cannula was in- 
serted into the aortic root. The arterial bed distal to the oc- 
clusion was then perfused with colorless fluid (dextran 6 
percent in saline solution) while the aortic root was simulta- 
neously perfused with 1 percent Evans blue in the same fluid. 
Equal physiologic perfusion pressures were applied to the 
aortic and distal left anterior descending coronary arterial 
cannulas to prevent flow across any collateral vessels, either 
present prior to occlusion or developed after occlusion. As a 
result of this procedure, the myocardium normally perfused 
by the occluded portion of the coronary artery (subsequently 
termed anatomic region at risk of infarction) remained un- 
stained, while the rest of the heart was stained blue. The risk 
region, as defined in this study, is an anatomic designation of 
the collateral-dependent portion of the heart. Our technique 
does not specify the competence of collateral vessels or the 
metabolic demands of the myocardium, factors that determine 
the actual amount of necrosis within the risk region. The heart 
was then sliced from apex to base into 1 cm thick slices in 


* These determinations were performed " Dr. S. H. Wan, University 


of California, Los Angeles. 


FIGURE 2. Anterior surface of the 
heart after perfusion of aortic root 
with Evans blue solution and of 
distal left anterior descending cor- 
onary artery with fluorescein solu- 
tion. A, ordinary light. B, ultraviolet 
light. Note the reciprocal relation 
between Evans blue-stained (black) 
and fluorescein-stained (pale gray) 
myocardium. 


planes parallel to the atrioventricular groove and the border 
between stained and unstained tissue—assumed to be the 
limit of the region at risk— was marked by a small incision on 
each cut surface. To verify that this border coincided with that 
of the myocardium actually perfused by uncolored dextran 
in saline solution, in a series of six hearts the staining tech- 
nique described was modified in that the distal left anterior 
descending coronary artery was perfused with 0.1 percent 
sodium fluorescein in dextran in saline solution; perfusion of 
myocardium by this solution results in a distinct fluorescence 
under ultraviolet light without appreciable discoloration 
under ordinary light. Comparative examination of hearts with 
ordinary and ultraviolet light revealed a coincidence between 
the border of Evans blue-stained myocardium (region not at 
risk) and that of fluorescent-stained myocardium (region at 
risk) (Fig. 2 and 3), thus confirming the assumption on which 
our staining technique was based. 

Estimation of infarct size: The right ventricular free wall 
was then removed. To identify the infarct within the anatomic 
region at risk, slices were then weighed and incubated for 60 
minutes in triphenyl-tetrazolium-chloride solution; this agent 
stains only viable, dehydrogenase-containing myocardium 
dark red, as described by Lie et al.?5 In the series of fluo- 
rescent-stained hearts, the nonfluorescent (and thus non- 
perfused) portion of the anatomic region at risk coincided with 
the tetrazolium-negative (infarcted) tissue (Fig. 3, B and C). 
These findings indicate that, in the myocardium at risk, the 
presence of fluorescence detected by this technique is a reli- 
able indicator of tissue survival. Lack of fluorescence indicates 
nonperfusion despite infusion of fluorescein into the coronary 
artery distal to the site of occlusion; this probably reflects high 
vascular resistance due to microvascular damage within in- 
farcted myocardium. The weight of the anatomic region at risk 
and of the infarct was determined by photographing slices, 
projecting transparencies onto paper, and tracing portions at 
risk and necrotic portions. Each area was measured with 
videoplanimetry and the mass of the region at risk and the 
infarct mass were expressed as fractions of the weight of each 
slice. Total infarct weight was calculated as percent both of 
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the left ventricle and of the myocardium at risk. The latter 
estimate is of greater relevance, because the amount of ne- 
crotic tissue produced by coronary occlusion correlates di- 
rectly with the magnitude of the arterial bed rendered isch- 
emic.”4,76.27 Estimation of infarct weight as a percent of 
myocardium at risk also enables determination of whether the 
effect of a given intervention on infarct size varies witb the size 
of the occluded coronary bed. å 

Statistical analysis: One-way analysis of variance was used 
for statistical evaluation of the results. Values are reported 
as mean + standard error of the mean. 


Results 


Platelet aggregation: In vitro adenosine diphos- 
phate (ADP)-induced platelet aggregation showed a 
dose-related inhibition after intravenous administration 
of naproxen (Fig. 4). Platelet response, expressed as 
maximal percent light transmission in the presence of 
2.34 X 107* M ADP, averaged 86 + 5 percent in control 
samples, was slightly decreased after 3 mg/kg (64 + 6 
percent), but markedly inhibited after 10 mg/kg (19 + 
4 percent) and 30 mg/kg (19 + 8 percent); the effect of 
the latter dose was still evident after 24 hours (30 + 12 
percent). Each naproxen result was significantly dif- 
ferent (p <0.05) from the control value. Larger doses 
(100 mg/kg) were associated with serious adverse effects 
(marked hemolysis, vomiting, neurologic symptoms). 
Similar degrees of inhibition were observed in the re- 
sponse to 2.34 X 107? M ADP. 

General observations: Arterial oxygen saturation 
and hematocrit, determined before the temporary 
coronary occlusion, were within normal limits in every 
dog. (A mild hemolysis was often observed in blood 
samples obtained for naproxen determination before 
the second and third doses of the drug; however, this did 
not cause any decrease of hematocrit below basal val- 
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ues.) The mean heart rate at the time of the permanent 
occlusion was similar among control, naproxen-treated 
and sulfinpyrazone-treated dogs (152 + 6, 137 + 9 and 
148 + 9 beats/min, respectively). Left ventricular weight 
was 113 +7 gin the control, 107 + 5g in the naproxen- 
treated and 106 + 4 g in the sulfinpyrazone-treated 
group. These values were not significantly different. 
Because the site of occlusion was based on the distri- 
bütion of the left anterior descending coronary artery 
rather than on a fixed anatomic criterion, very similar 
fractions of the left ventricle were jeopardized by the 
occlusion (Fig. 5, left); the amount of myocardium at 





risk was 37 + 2 percent (42 + 4 g) of the left ventricle in 
the control, 37 + 2 percent (40 + 3 g) in the naproxen- 
treated and 39 + 2 percent (41 + 3 g) in the sulfinpyra- 
zone-treated dogs. 

Three dogs were excluded from study before ran- 
domization because of insufficient S- T segment eleva- 
tion (EST less than 10 mV) after the temporary coro- 
nary occlusion. Two (15 percent) of the 13 control dogs, 
3 (21 percent) of the 14 naproxen-treated, and 1 (9 
percent) of the 11 sulfinpyrazone-treated dogs mani- 
fested ventricular fibrillation within the initial 20 
minutes of ischemia. These values did not differ sig- 


FIGURE 3. Myocardial slice obtained from the heart shown in Figure 2. A, ordinary light. B, ultraviolet light. As in Figure 2, a reciprocal relation 
is observed between Evans blue-stained (black) and fluorescein-stained (pale gray) myocardium; the latter forms the outer boundary of the region 
at risk of infarction. Arrows indicate the border of fluorescent tissue. C after staining with triphenyltetrazolium chloride. The shallow incisions (indicated 
by the pins) mark the borders of the region at risk. Comparison of B with C shows that the nonfluorescent portion of the region at risk is tetrazg- 
lium-negative (white or pale gray) and thus necrotic, whereas the fluorescent part is tetrazolium-positive (dark gray) and thus viable. D, schematic 
diagram illustrating B and C. Hatched area — normal myocardium; dotted area — infarct; white area surrounding dotted area — surviving myocardium 


within the region at risk. 
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nificantly. One control and one naproxen-treated dog 
died between 6 and 72 hours of occlusion, presumably 
of arrhythmias. Postmortem examination revealed no 
other apparent cause of death. This left 10 dogs for 
sacrifice in each treatment group. 

The plasma naproxen level was 153 + 10 ug/ml (n = 
9) 15 minutes after administration of the first dose; 
immediately before the second and third doses, the 
levels were 92 + 5 ug/ml (n = 8) and 108 + 7 ug/ml (n = 
8), respectively. 

Infarct size: The control, naproxen-treated and 
sulfinpyrazone-treated groups did not show significant 
differences in infarct size expressed either as a percent 
of the left ventricle (28 + 2, 28 + 2 and 30 + 1 percent, 
respectively; Fig. 5, middle), or as a percent of the 
myocardium at risk (75 + 3, 75 + 3 and 79 + 3 percent, 
respectively, Fig. 5, right). For each of the three treat- 
ment groups the magnitude of the region of necrosis 
maintained a similar relation to the size of the occluded 
coronary beds (Fig. 6). Thus, in our dogs with docu- 
mented ischemia, treatment before occlusion with either 
naproxen or sulfinpyrazone failed to reduce infarct size, 
irrespective of the size of the anatomic region at risk. 
Our data confirm previous studies?*?°?" showing a 
linear correlation between infarct size and mass of 
myocardium at risk (r = 0.72, Fig. 6). 


Discussion 


The results of our study demonstrate that neither 
naproxen nor sulfinpyrazone, administered in effective 
platelet-inhibitory doses, alters infarct size in the dog. 
Similar portions of left ventricle and, more importantly, 
similar portions of anatomic region at risk of infarction 
underwent necrosis in untreated and treated animals. 

“Platelet hypothesis”: The role of platelets in the 
evolution of ischemic injury after acute coronary oc- 
clusion is unclear. Accumulation of platelets in the 
ischemic area, particularly at the lateral margins, has 
been reported after coronary ligation in primates? and 
induced coronary thrombotic obstruction in dogs.* In 
the latter model, diffuse obstruction of the ischemic 
microvasculature by platelet aggregates was prevented 


FIGURE 5. Weight of myocardium 
at risk as percent of left ventricular 
mass (RISK/LV, left), weight of in- 
farct as percent of left ventricular 
mass (MI/LV, middle) and weight of 
infarct as percent of myocardium at 
risk (MI/RISK, right). C = control; 
NAP = naproxen-treated; SPZ = 
sulfinpyrazone-treated. Results are 
expressed as mean + standard 
error of the mean. Differences 
among the three groups are not 
significant. e 
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FIGURE 4. Platelet aggregation 10 minutes after different intravenous 
doses of naproxen (NAP). Aggregation is quantitated as change in 
percent optical transmission induced by addition of adenosine di- 
phosphate (final concentration 2.34 X 1074 M) to platelet-rich plasma 
(0 percent corresponds to transmission through platelet-rich plasma 
and 100 percent to transmission through platelet-poor plasma). Results 
are expressed as mean + standard error of the mean. n = number of 
dogs studied. Asterisks denote significant differences (p <0.05) from 
control (C). 
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by aspirin. On the basis of these findings it has been 
hypothesized that platelet-mediated microcirculatory 
thrombosis reduces collateral flow to the ischemic zone, 
and therefore augments the extent of myocardial 
damage.45 However, subsequent experiments failed to 
show increased platelet deposition within infarcts in 
dogs undergoing nonthrombotic coronary occlusion.!425 
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FIGURE 6. Myocardial infarct (MI) size as a percent of the left ventricle 
'(LV) plotted as a function of the region at risk of infarction. C = control; 
. NAP = naproxen-treated; SPZ = sulfinpyrazone-treated. The common 

linear relation observed for all groups is indicated by the regression line, 

which is calculated from individual data points from all groups. 


Moreover, if the extent of ischemic necrosis is signifi- 
cantly enhanced by platelet aggregates, one would ex- 
pect such necrosis to be limited by platelet-inhibitory 
drugs. However, aspirin, in platelet-inhibitory doses,?4 
and meclofenamic acid?? failed to reduce ischemic 
damage, amd indomethacin enlarged the region of 
damage. Of the platelet-inhibitory drugs evaluated 
to date, only ibuprofen and its halogenated derivative 
fluribuprofen have been reported to diminish the extent 
of ischemic necrosis.6-9.30,31 

Our protocol was designed to ensure effective platelet 
inhibition in dogs during the first hours of ischemia. 
Sulfinpyrazone, 30 mg/kg intravenously, was shown in 
previous experiments to abolish in vitro ADP-induced 
aggregation of dog platelets,!? and the current study 
indicated that naproxen, 30 mg/kg intravenously, also 
produced marked inhibition of platelet aggregation. 
With either drug, inhibition of platelet function was 
demonstrable 10 minutes after administration. Because 
we administered either drug 10 minutes before, and 3 
and 6 hours after coronary occlusion, effective platelet 
inhibition was achieved at the onset of ischemia and 
maintained for at least several hours. Despite this, no 
change in infarct size was observed. Therefore, our data 
suggest that in this model (1) platelet inhibition in itself 
does not result in preservation of ischemic myocardium, 
and (2) platelet accumulation in the ischemic zone does 
not appear to play a significant role early in the course 
of myocardial infarction. 

Sulfinpyrazone: Another study from this laborato- 
ry!? showed that pretreatment with sulfinpyrazone (30 
mg/kg intravenously) augments mean epicardial col- 
lateral flow both at 5 minutes and at 4 hours after cor- 
onary ligation in open chest dogs. However, the present 
study demonstrates that this potentially beneficial drug 
fails to reduce infarct size in a similar model, possibly 
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because larger changes in collateral circulation are 
necessary to produce significant salvage of ischemic 
myocardium in open chest dogs. 

À reduction in the electrocardiographic evidence of 
ischemic injury that occurs acutely after coronary oc- 
clusion has been reported by Moschos et al.!4 in open 
chest dogs pretreated with sulfinpyrazone for 7 days. 
Although differences due to the prolonged pretreatment 
cannot be excluded, our data indicate that treatment 
with sulfinpyrazone, despite any acute electrophysio- 
logic effects, does not reliably lead to a reduction in 
actual ischemic necrosis. Nevertheless, the increase in 
epicardial collateral blood flow!? and reduction in 
electrocardiographic evidence of injury!* may be related 
and possibly responsible for the antiarrhythmic effect 
of the drug that was also observed during acute myo- 
cardial ischemia.'* In our model the incidence of early 
ventricular fibrillation was too small to afford any in- 
ference about differences between treated and control 
dogs. 

Naproxen: Naproxen has a long plasma half-life in 
dogs (36 hours after intravenous injection®2). Because 
we used a dose 10 times greater than that sufficient to 
produce significant platelet inhibition (Fig. 4), it seems 
reasonable to assume that pharmacologically effective 
levels of the drug were present in the blood throughout 
the 72 hours of coronary occlusion. This assumption is 
also supported by the marked platelet inhibition ob- 
served 24 hours after administration of naproxen. 

Naproxen resembles ibuprofen more closely than 
other nonsteroidal antiinflammatory agents in that (1) 
it stabilizes lysosomal membranes in vitro,!8-19 and (2) 
it inhibits inflammation, platelet aggregation and 
prostaglandin synthesis with a potency similar to that 
of ibuprofen.1?-17,20-7? These derivatives of propionic 
acid differ in that naproxen shows a more pronounced 
in vitro lysosomal stabilizing activity than does ibu- 
profen.!5.!? Lysosomal-stabilizing effect may be bene- 
ficial in acute myocardial ischemia during which acti- 
vation of lysosomal hydrolases has been thought to play 
a significant role in cell death,?? although recent studies 
question the validity of this concept.?* Despite their 
close similarity the two drugs have different effects on 
myocardial ischemia. Naproxen failed to salvage isch- 
emic myocardium in our study, whereas other investi- 
gations have shown that ibuprofen reduced ischemic 
injury in cats?? as well as infarct size in rats97 and 
dogs.9? Differences in experimental models might ac- 
count for such discrepancies. Infarct size was deter- 
mined by Ribeiro et al. after 24 hours of ischemia 
compared with 72 hours in the present study. It is 
therefore possible that ibuprofen (and possibly nap- 
roxen) might simply delay necrosis rather than prevent 
it. However, ibuprofen's infarct-sparing action was 
demonstrable even 21 days after coronary arterial oc- 
clusion in rats.’ In contrast, Jugdutt et al.’ studied small 
infarcts (less than 15 percent of the left ventricle) in a 
closed chest model. Thus, the discrepancies cited could 
be explained if both ibuprofen and naproxen spared 
only small infarcts, in which the potentially salvageable 
border zone may be larger than the nonsalvageable 
center zone. 


Although any of these considerations is possible, it 
appears likely that naproxen lacks the infarct-sparing 
action of ibuprofen. Our data, therefore, suggest that 
properties other than those common to both ibuprofen 
and naproxen account for ibuprofen's beneficial effect 
on myocardial ischemia. This inference is also supported 
by the failure to reduce ischemic damage seen with other 
nonsteroidal anti-inflammatory drugs (aspirin,24?9 
meclofenamic acid?’ and indomethacin2’) that share an 
ability to block prostaglandin synthesis and platelet 
function. 
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Implications: Our data provide evidence that anti- 
inflammatory action, platelet inhibition, inhibition of 
prostaglandin synthesis and lysosomal-stabilizing ac- 
tivity are not in themselves sufficient to confer in- 
farct-sparing action. Further investigation is needed to 
identify drug mechanisms that reliably lead to reduction 
in infarct size. 
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Clinical studies suggest that sulfinpyrazone and aspirin may be useful in 
the treatment of coronary artery disease. It was previously shown that 
pretreatment with a completely platelet-inhibitory dose of aspirin is as- 
sociated with increased epicardial collateral flow 4 hours after coronary 
occlusion in dogs. In this study evaluation was made of platelet inhibitory 
doses of sulfinpyrazone (30 mg/kg) and aspirin (3 mg/kg) and an aspirin 
dose (30 mg/kg) 10-fold greater than the minimal dose necessary for 
complete platelet inhibition. Collateral flow (ml/min per g) was measured 
5 minutes after temporary (pretreatment) occlusion of the left anterior 
descending coronary artery. After release of the occlusion and recovery, 
a drug dose or saline solution was given, permanent (post-treatment) 
occlusion instituted, and flow measurement repeated 5 minutes and 4 
hours later. Administration of sulfinpyrazone (11 dogs) caused an increase 
in flow to the ischemic epicardium from 5 minutes after the pretreatment 
occlusion to 5 minutes after the post-treatment occlusion (mean + 
standard error of the mean): A = 0.09 + 0.02, p «0.01. However, a sig- 
nificant increase was not found in the control group (11 dogs) or in either 
aspirin-treated group (8 dogs each). All the drug doses caused a signifi- 
cant increase in epicardial collateral flow from 5 minutes after the post- 
treatment occlusion to 4 hours after the same occlusion: sulfinpyrazone, 
A = 0.08 + 0.03, p < 0.025; aspirin, 3 mg/kg, A = 0.16 + 0.06, p «0.05; 
and aspirin, 30 mg/kg, A = 0.14 + 0.05, p <0.05. No significant increase 
was observed during the same interval in control dogs. Endocardial col- 
lateral flow 4 hours after post-treatment occlusion was slightly increased 
in relation to pretreatment values in the sulfinpyrazone group but not in 
any of the remaining groups. Enhanced collateral flow after coronary 
occlusion may contribute to some of the beneficial effects ascribed to 
sulfinpyrazone and aspirin in coronary artery disease. 


Both aspirin and sulfinpyrazone have been considered potentially 
beneficial in the treatment of certain patients with coronary artery 
disease. Patients treated with sulfinpyrazone after a myocardial in- 
farction were reported to have a 32 percent lower cardiac mortality rate 
than that of patients treated with a placebo.! Although the validity of 
the conclusions of that study were challenged,? the possibility of clinical 
benefit from sulfinpyrazone has not been excluded. 'This possibility is 
currently under investigation in additional clinical trials. Clinical studies 
of aspirin have also suggested a possible reduction in morbidity and 
mortality in patients with coronary disease.” However, the basis of the 
possible protective effect of either drug and the effects of either drug 
during acute myocardial ischemia have not been delineated. 
Drug-induced inhibition of platelet activity may improve collateral 
blood flow by preventing platelet plugging of small vessels supplying 
ischemic myocardium or by blocking platelet production of thromboxane 
Ag, a potent vasoconstrictor.® However, platelet-inhibitory doses of%s- 
pirin or sulfinpyrazone also interfere with prostaglandin-mediated 
coronary vasodilator responses,?.!? presumably hy blocking vascular 
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` production of prostacyclin, a prostaglandin derivative 
promoting vasodilation and platelet deaggregation.!! 
Thus the net effect of platelet-inhibitory doses of as- 
pirin or sulfinpyrazone on coronary collateral function 
is not readily predicted. In previous studies an aspirin 
dose producing complete inhibition of adenosine di- 
phosphate (ADP)-induced in vitro aggregation of blood 
platelets in the dog also increased collateral flow to the 
epicardial half of ischemic regions in dogs 4 hours after 
acute coronary occlusion.!? To determine whether sul- 
finpyrazone and aspirin share this property, we evalu- 
ated the effects of sulfinpyrazone on collateral blood 
flow after acute coronary occlusion. 

Using the same experimental procedures we also as- 
sessed the effect of two different doses of aspirin: 3 
mg/kg, the minimal dose necessary to achieve full in- 
hibition of aggregation,? and 30 mg/kg, a dose similar 
to that previously shown to increase collateral flow.!° 
Certain in vitro studies!? have suggested that small 
doses of aspirin selectively inhibit platelet function and 
do not interfere with vascular synthesis of prostacyclin. 
If such selectivity were equally apparent in the intact 
heart, the minimal aspirin dose completely inhibiting 
platelet aggregation (3 mg/kg) might be more effective 
in augmenting coronary collateral flow than a 10-fold 
larger dose that might inhibit both platelet aggregation 
and prostacyclin production. If beneficial effects of 
aspirin on collateral flow were due to actions unrelated 
to inhibition of platelet function and thromboxane A» 
synthesis, 3 mg/kg of aspirin might be less effective in 
increasing collateral flow than a 10-fold larger dose even 
though both aspirin doses resulted in complete inhibi- 
tion of ADP-induced platelet aggregation. 


Methods 


The overall protocol involved an 8 minute occlusion of the 
coronary artery followed by a 1 hour recovery period. During 
this 1 hour recovery period aspirin, sulfinpyrazone or saline 
solution was administered. After the recovery period, a second 
occlusion was instituted and maintained for 4 hours until the 
dog was killed. 

Pretreatment measurements: Thirty-eight purebred 
foxhounds of either sex, 1 to 2 years of age and 20 to 30 kg in 
weight, were anesthetized with powdered sodium pentobar- 
bital in saline solution (30 to 40 mg/kg body weight, admin- 
istered intravenously). After intubation and initiation of 
mechanical ventilation, a left lateral thoracotomy was per- 
formed «nd the heart was suspended in a pericardial cradle. 
A ligature was loosely placed around the left anterior de- 


scending coronary artery just below the first major diagonal . 


branch. Femoral arterial pressure, left atrial pressure and the 
electrocardiogram were monitored continuously. In dogs that 
subsequently were treated with sulfinpyrazone, radioactive 
microspheres were injected through the left atrial catheter 
before coronary occlusion. When cardiovascular variables were 
stable, the coronary artery was temporarily occluded. Five 
minutes after occlusion radioactive microspheres were injected 
in all dogs. Three minutes later the coronary occlusion was 
released. 

Drug treatment: Aspirin (acetylsalicylic acid, crystalline, 
Sigma) was dissolved in saline solution by adding 1 M sodium 
bicarbonate in sufficient amounts to solubilize the aspirin but 
maintain the pH below 8. The final concentration averaged 
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approximately 10 mg/ml. Sulfinpyrazone (powder, provided 
by Ciba Pharmaceuticals) was dissolved in saline solution and 
sufficient 1 M sodium bicarbonate to maintain the pH below 
8. The final concentration of sulfinpyrazone was 30 mg/ml. 

Thirty minutes after release of the coronary ligature, 8 dogs 
received intravenous aspirin, 3 mg/kg (in 30 to 50 ml of saline 
solution), 8 others received aspirin, 30 mg/kg (in 30 to 50 ml 
of saline solution), 11 dogs received intravenous sulfinpyra- . 
zone, 30 mg/kg (in 20 to 30 ml of saline solution), and 11 con- ` 
trol dogs received 30 ml of normal saline solution. The dose 
of sulfinpyrazone selected, 30 mg/kg, had been previously 
demonstrated to produce complete inhibition of ADP-induced 
in vitro platelet aggregation in all dogs.*° One hour after re- 
lease of the first (that is, pretreatment) occlusion and 30 
minutes after the administration of sulfinpyrazone, aspirin 
or saline solution, the dogs were subjected to a second per- 
manent coronary arterial occlusion. 

Post-treatment blood flow: Radioactive microspheres 
were injected through the left atrial catheter 5 minutes and 
4 hours after the second (that is, post-treatment) occlusion. 
In addition, 8 control dogs and all 16 dogs treated with aspirin 
received a microsphere injection 30 minutes after occlusion. . 
The injection technique and blood collection procedure were 
presented previously.!? Briefly, approximately 1 million mi- 
crospheres (15 + 5 u, 3-M Company) labeled with either cer- 
ium-141, ytterbium-169, strontium-85 or scandium-46 were 
suspended in 3 ml of saline solution. Reference samples were 
obtained from the femoral artery for exactly 3 minutes at a 
withdrawal rate of 7.6 ml/min. 

After the 4 hour flow measurement, the animals were killed, 
and six to eight full thickness 1 to 2 g samples of the ischemic 
zone of the heart were sectioned. The ischemic zone was de- 
fined anatomically as tissue exclusively within the distribution 
of the occluded artery. In every heart studied, collateral blood 
flow before treatment was uniformly decreased te each epi- 
cardial or endocardial portion from the center of the ischemic 
zone. Values from these epicardial or endocardial portions 
were averaged to obtain mean flow values in the ischemic zone. 
In unusual instances (approximately 5 percent of samples), 
a portion from the lateral margin of the ischemic zone exhib- 
ited distinctly higher pretreatment values for collateral flow 
than did adjacent central portions, probably because of in- 
clusion of normal tissue (or possibly “border zone") within the 
sample. Such portions were excluded from all calculations of 
mean ischemic zone flow. Similarly, flow values obtained from 
tissue lying between branches of an occluded artery and 
branches of a nonoccluded artery were also excluded from the 
data analysis. Two similarly sized normal zone samples were 
taken from the posterior wall, and two were taken from the 
anterior wall outside the distribution of the occluded artery. 
Each sample was divided into epicardial and endocardial 
halves for separate counting and flow calculations, as previ- 
ously presented.!? Flows were then averaged over each 
zone. 

Platelet aggregation studies in dogs receiving sulfin- 
pyrazone: The 11 dogs that subsequently received sulfinpy- 
razone (30 mg/kg) had blood taken before anesthesia for 
platelet aggregation studies. In these dogs, venous blood for 
in vitro platelet aggregation was also taken 20 minutes after 
release of the first temporary occlusion (bat before drug ad- 
ministration) and 10 minutes and 3 1/2 hours after the drug 
was administered. 

Blood was obtained through a 19 gauge butterfly needle by 
a two syringe technique. The first 3 ml of blood obtained from 
the vein was discarded. Blood was collected in a plastic syringe 
using 2.5 ml of an acidic citrate anticoagulant (80 mM triso- 
dium citrate and 40 mM citric acid, pH 5.0) per 15 ml of blood. 
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The blood was spun at 225 g for 15 minutes, and the super- 
natànt platelet-rich plasma was kept in an environment of 95 
percent air and 5 percent carbon dioxide. Centrifugation at 
25,000 g for 15 minutes was used to produce platelet-poor 
plasma. Platelet-rich plasma was adjusted with platelet-poor 
plasma to a platelet count of 300,000/mm?. The pH of this 
adjusted platelet-rich plasma was 6.95 to 7.20. Aliquots of 0.45 
ml of adjusted platelet-rich plasma were kept at room tem- 
- perature under 95 percent air and 5 percent carbon dioxide 
‘for 1 hour before aggregation measurements. The Payton 
Aggregometer was calibrated before each sample using 
platelet-poor plasma as 100 percent light transmission and 
adjusted platelet-rich plasma as 0 percent light transmission. 
Standard concentrations of ADP (Sigma) were added to the 
aliquots in a volume of 50 uliter or less to achieve a final con- 
centration of 2.34 X 10~4 to 2.34 X 1075 M. Progressively lower 
concentrations of ADP were used in successive aliquots until 
the increase in light transmission in response to ADP was 
under 10 percent. 
Statistical methods: Endocardial and epicardial flow 
values were averaged for myocardial samples from the normal 
. zone and ischemic zone for each dog. Student's t test for paired 


" data was applied to each of the relevant changes in myocardial 


blood flow. Each dog contributed one value for change in flow 
to each of these analyses and one value to each calculation of 
mean blood flow. Results are reported as mean + standard 
error of the mean. 


Results 


Hemodynamic data: Heart rate and mean arterial 
pressure after occlusion in the three treated groups of 
dogs did not differ significantly from those of control 
dogs at any point in the study (Table I). Tachycardia 
was found in all groups and is consistent with the open 
chest preparation and pentobarbital anesthesia. Heart 


e 





rate and blood pressure were stable in each group ' 
throughout the course of study. 

Preocclusion blood flow: Persistence of micro- 
spheres in the ischemic zone of dogs receiving sulfin- 
pyrazone was evaluated by calculating the ratio of 
preocclusion microsphere content in the ischemic zone 
to that in the normal zone. Preocclusion flow was 1.54 
+ 0.21 ml/min per g in the ischemic zone epicardium, 
and 1.52 + 0.18 ml/min per g in the normal zone epi- 
cardium, giving a ratio of 1.01 + 0.06. Preocclusion flow 
was 1.20 + 0.11 ml/min per g in the ischemic zone en- 
docardium, and 1.45 + 0.11 ml/min per g in the normal 
zone endocardium, giving a ratio of 0.83 + 0.03. Values 
of preocclusion flow measured in the ischemic zone 
endocardium were significantly lower than those mea- 
sured in normal zone endocardium (A = 0.25 + 0.06 
ml/min per g, p <0.001), indicating a corresponding 17 
percent decrease in content of microspheres injected 
before occlusion in ischemic endocardium. 

Postocclusion blood flow: No significant changes 
occurred in either epicardial or endocardial flow of the 
normal zone at the various intervals of measurement 
after drug treatment (Table II). Mean differences be- 
tween ischemic zone epicardial flows measured 5 min- 
utes after pretreatment occlusion and flows measured 
5 minutes, 30 minutes and 4 hours after post-treatment 
occlusion are presented in Figure 1 (30 minute postoc- 
clusion flow was not measured in sulfinpyrazone-treated 
dogs). Corresponding absolute flow data appear in 
Table III. Epicardial collateral flow was significantly 
increased 5 minutes after post-treatment occlusion in 
the group given sulfinpyrazone (A = 0.09 + 0.02 ml/min 





TABLE | 
Hemodynamic Data After Coronary Occlusion (mean + standard error of the mean) 
Heart Rate (beats/min) Mean Arterial Pressure (mm Hg) 
Pretreatment Post-Treatment Occlusion Pretreatment Post-Treatment Occlusion 
Occlusion, [apa he ee Occlusion, ae te ee 
5 min 5 min 4h 5 min 5 min 4h 


Control (n = 11) 173+ 6 170+7 155 + 11 107+ 2 106 + 3 11144 
ASA, 3 mg/kg (n = 8) 1912 7 182 + 8 167 + 10 118+ 3 115 + § 11144 
ASA, 30 mg/kg (n = 8) 162 + 16 175 +3 153 + 10 110105 113 +7 104 3 
SPZ, 30 mg/kg (n = 11) 182+ 4 176+ 5 168+ 8 TIES 113 +6 1265 


ASA = aspirin; n = number of dogs; SPZ = sulfinpyrazone. 


TABLE Il 


Myocardial Blood Flow (ml/min per g) in the Normal Zone During Acute Coronary Occlusion (mean + standard 


error of the mean) 


i ST S 











. Epicardium Endocardium 
. Pretreatment Post-Treatment Occlusion Pretreatment Post-Treatment Occlusion 
Occlusion, Occlusion, 
5 min 5 min 30 min 4h 5 min 5 min 30 min 4h 
DIAC Cc ME ee L A Pire b NAE fe Jud ee QM EN 
Control (n = 11) 1.08 + 0.10 1.14 4 0.16 1.033 0.19 1.2140.18 1.064 0.09 1.134 0.15 0.98 +0.17 1.16 £ 0.17 
ASA, 3 mg/kg (n — 8) 1.26 + 0.13 1.211: 0.19 1.28 £0.13 1.104 0.11 1.304014 1.2324 0.20 1.3140.12 1.07 £ 0.11 
ASA, 30 mg/kg (n = 8) 1.23 + 0.20 1.344 0.20 1.5141 0.24 1.39 4 0.25 1.230 0.15 À 1.34 4 0.14 " 1.44 3 0.15 1.27 +095 
SPZ, 30 mg/kg (n = 11) 1.532 0.10 1.67 € 0.14 ext. 1.33 + 0.10 1.48 +0.11 1.52 4 0.11 1.28 + 0.11 


Abbreviations as in Table |. 


"850 April 1981 The American Journal of CARDIOLOGY Volume 47 













16 C] Control 
Wl ASA 3mg/kg 
[J ASA 30mg/kg 
14 E34 SPZ 30mg/kg 
" 6 <5 


* p< 01 


A FLOW ml/min/g 
& 


5MIN 30MIN 4HRS 
TIME AFTER POST RX OCCLUSION 


FIGURE 1. Change in ischemic epicardial flow from values measured 
5 minutes after the first (pretreatment) occlusion to 5 minutes, 30 
minutes and 4 hours after the second (post-treatment) occlusion. Flows 
30 minutes after occlusion were not measured in the sulfinpyrazone 
(SPZ)-treated group or in 3 of the 11 control dogs. * p <0.05 versus 
5 minute post-treatment occlusion; ** p <0.01 versus 5 minute pre- 
treatment occlusion. ASA = aspirin; RX = treatment. 


per g, p <0.01); no significant change from pretreatment 
values occurred in the other three groups. Epicardial 
collateral flow in the aspirin-treated groups tended to 
increase from 5 minutes to 30 minutes after post- 
treatment occlusion, but this difference was not sig- 
nificant. Four hours after post-treatment occlusion, 
epicardial collateral flow in all treated groups showed 
a significant increase above 5 minute post-treatment 
values: aspirin, 3 mg/kg, A = 0.16 + 0.06 ml/min per g, 
p <0.05; aspirin, 30 mg/kg, A = 0.14 + 0.05 ml/min per 
g, p <0.05; and sulfinpyrazone, 30 mg/kg, A = 0.075 + 
0.03 ml/min per g, p <0.025. The control group had an 
insignificant change: A = 0.062 + 0.03. The total in- 
crease in epicardial collateral flow from 5 minutes after 
the pretreatment occlusion to 4 hours after the post- 
treatntent occlusion was similar for both doses of aspirin 


TABLE Ill 
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14 
C] Control 
12 lll ASA 3mg/kg 
ASA 30mg/kg 
E3 SPZ 30mg/kg 
.10 * p <.05 
^ pS Di 
.08 


A FLOW ml/min/g 





-.02 — 
5MIN 30MIN 4HRS 


TIME AFTER POST RX OCCLUSION 


FIGURE 2. Change in ischemic endocardial flow from values measured '. 
5 minutes after the first (pretreatment) occlusion to 5 minutes, 30 
minutes and 4 hours after the second (post-treatment) occlusion. Flows 
30 minutes after occlusion were not measured in the sulfinpyrazone 
(SPZ)-treated group or in 3 of the 11 control dogs. * p <0.05 versus 
5 minute pretreatment occlusion; ** p < 0.01 versus 5 minute pre- 
treatment occlusion. ASA = aspirin; RX = treatment. 


(mean 0.14 ml/min per g for 3 mg/kg and 0.16 ml/min 
per g for 30 mg/kg) and for sulfinpyrazone (mean 0.16 
ml/min per g). During this same period the increase in 
the control group averaged 0.08 ml/min per g (Fig. 1). 

For ischemic zone endocardium mean differences 
between flow measured 5 minutes after pretreatment 
occlusion and flows measured 5 minutes, 30 minutes and 
4 hours after post-treatment occlusion appear in Figure 
2: absolute flow data are given in Table IV. Only the 
sulfinpyrazone-treated group showed a statistically 
significant increase from 5 minutes after pretreatment 
occlusion to 5 minutes after post-treatment occlusion 
(A = 0.06 + 0.01 ml/min g, p <0.01) and 4 hours after 
post-treatment occlusion (A = 0.03 + 0.01 ml/min g, p 
<0.05). 

Platelet aggregation: The average maximal steady 
state light transmission after administration of adeno- 
sine diphosphate (ADP), 2.34 X 10^? M, is shown in 
Figure 3. After anesthesia and surgery, aggregation re- 


Ischemic Zone Flow (ml/min per g): Epicardium (mean + standard error of the mean) . 


Pretreatment Occlusion, 


5 min 
Control (n — 11) 0.19 + 0.03 
ASA, 3 mg/kg (n — 8) 0.19 + 0.06 
ASA, 30 mg/kg (n = 8) . 0.24 + 0.08 
SPZ, 30 mg/kg (n = 11) 0.15 + 0.03 


Post-Treatmént Occlusion . 





5 min 30 min 4h 
0.21+ 0.04 0.22 + 0.05 0.27 + 0.05 
0.19 + 0.04 0.25 + 0.05 0.34 + 0.04 
0.27 + 0.09 0.30 + 0.09 0.40 + 0.12 
0.24 + 0.03 0.31 + 0.04 


Abbreviations as in Taple |. 
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TABLE IV 


ischemic Zone Flow (ml/min per g): Endocardium (mean + standard error of the mean) 


Pretreatment Occlusion, 


5 min 
Control (n = 11) 0.06 + 0.02 
. ASA, 3 mg/kg (n = 8) 0.09 + 0.03 
«ASA, 30 mg/kg (n = 8) 0.09 + 0.03 
"SPZ, 30 mg/kg (n = 11) 0.04 + 0.01 


ASA = aspirin; SPZ = sulfinpyrazone. 


sponse was not significantly altered from the awake 
control sample. However, after administration of sul- 
finpyrazone, increase in light transmission with ADP 
was completely suppressed, with no significant recovery 
of in vitro aggregability to ADP 3 1/2 hours after ad- 
ministration of sulfinpyrazone. Optical evidence of 
aggregation could not be elicited in platelets exposed 
: to sulfinpyrazone even with a 10-fold greater concen- 
tration of ADP. Intravenous aspirin, either 3 mg/kg or 
30 mg/kg, produced complete inhibition of in vitro 
ADP-induced aggregation in previous studies of dog 
platelets performed in this laboratory employing 
techniques similar to those just described.? 


Discussion 


Collateral flow after aspirin and sulfinpyrazone: 
Paired comparison of pretreatment and post-treatment 
myocardial flow results indicates that platelet-inhibi- 


, 


80 


70 : : M 


96 LIGHT TRANSMISSION 
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ANES. SPZ SPZ 
EARLY LATE 

FIGURE 3. Steady state platele& response to adenosine diphosphate 
(ADP) (2.34 X 1075 M final concentration) and response to sulfinpy- 
razone (SPZ) (30 mg/kg). Maximal sustained light transmission after 
the addition of ADP is given on the ordinate. The mean + standard error 
are given for samples taken before anesthesia (Awake), after anesthesia 
and operative preparation (Anes.), 10 minutes after intravenous ad- 
ministration of sulfinpyrazone (SPZ early) and 3 1/2 hours after sul- 
finpyrazone administration (SPZ late). The values before and after 
sulfinpyrazone are significantly different (p «0.00 1). 
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Post-Treatment Occlusion 


5 min 30 min 4h 
0.08 + 0.02 0.09 + 0.03 0.06 + 0.01 
0.08 + 0.02 0.10 + 0.02 0.08 + 0.02 
0.10 + 0.04 0.12 + 0.05 0.13 + 0.06 
0.10 + 0.02 uu 0.08 + 0.01 


tory doses of either sulfinpyrazone or aspirin were as- 
sociated with significant increases in epicardial collat- 
eral flow 4 hours after coronary occlusion. Animals re- 
ceiving sulfinpyrazone also demonstrated a small but 
statistically significant increase in endocardial collateral 
flow during post-treatment occlusion. 

'The two occlusion technique was used to allow paired 
comparisons of collateral flow before and after drug 
treatment. Because the amount of native collateral flow 
may vary considerably from dog to dog, paired com- 
parisons provided the maximal opportunity to observe 
early changes in flow associated with treatment. Per- 
sistent change in regional contractile function has been 
demonstrated during reperfusion after a brief occlu- 
sion.!4 However, this phenomenon should have little 
influence on successive measurement of collateral blood 
flow, which is evaluated during the course of coronary 
occlusion. We found no significant change in collateral 
flow in the control group from the first to the second 
occlusion either in the present study (Fig. 1 and 2) or in 
previous studies.!? | 

Physiologic significance of the increased col- 
lateral flow: The physiologic importance of the in- 
crease in collateral flow associated with sulfinpyrazone 
or aspirin is not clear. Pretreatment with intravenous 
sulfinpyrazone, 30 mg/kg, or aspirin, 3 mg/kg, did not 
reduce the infarct size in open chest dogs subjected to 
permanent ligation of the mid left anterior descending 
coronary artery.!°:!6 In the present study both epicardial 
and endocardial blood flow in jeopardized regions re- 
mained well below that in normal regions 4 hours after 
occlusion in drug-treated dogs (‘Tables II to IV). How- 
ever, increases in collateral flow similar to those asso- 
ciated with sulfinpyrazone or aspirin administration 
might result in myocardial salvage in hearts with treater 
baseline flow to jeopardized zones or with less meta- 
bolically determined demand for coronary perfusion 
than that present in the acutely occluded, open chest 
dog model. Even if the increase in flow accompanying 
administration of aspirin or sulfinpyrazone is insuffi- 
cient to maintain myocardial viability, this increase may 
contribute to the decreased incidence of potentially 
lethal arrhythmias reported after administration of 
either drug before acute myocardial ischemia in 
dogs.!7^1? A relatively small increment in collateral flow 
(insufficient in itself to salvage myocardium) might also 
help by potentiating the action of infarct-sparing drugs 





' or by enhancing delivery of beneficial drugs to ischemic 
myocardium. One or more of the mechanisms just 
mentioned may be a factor in the reported reduction in 
the incidence of sudden death in patients treated with 
doses of sulfinpyrazone after acute myocardial infarc- 
tion. 

Mechanisms of increased collateral flow: The 
mechanism of the increase in coronary collateral flow 
associated with aspirin or sulfinpyrazone administration 
is not certain. Aspirin and sulfinpyrazone interfere with 
platelet activity through inhibition of cyclooxygenase, 
an enzyme initiating synthesis of prostaglandins,!9?.?9 
including thromboxane Ag, a prostaglandin derivative 
that promotes platelet aggregation and vasoconstric- 
tion. The similarity of effects of platelet-inhibitory 
doses of aspirin or sulfinpyrazone on collateral flow is 
compatible with the theory that inhibition of platelet 
aggregation and platelet synthesis of thromboxane A» 
is responsible for the observed increase in flow. Platelet 
accumulation has been demonstrated after acute cor- 
onary ligation in primates?! and after thrombotic cor- 
onary obstruction in dogs.?? Complete inhibition of 
ADP-induced in vitro platelet aggregation was produced 
by either sulfinpyrazone or aspirin doses used in this 
study. This may have prevented obstructive platelet 
clumping or thromboxane-mediated vasoconstriction 
in small vessels in the ischemic region. 

This hypothesis is supported by our finding that an 
aspirin dose 10-fold greater than that needed to inhibit 
platelet function completely is no more effective in 
augmenting collateral flow than is the minimal aspirin 
dose needed to produce complete inhibition of platelet 
function. However this hypothesis conflicts with reports 
that collateral flow is not improved by either indom- 
ethacin?? or ibuprofen,?4^ two drugs that also inhibit 
platelet aggregation?? and inhibit prostaglandin syn- 
thesis through interference with cyclooxygenase.?6?7 
Indomethacin is unique in that it has been reported to 
decrease collateral flow??:?8 and to increase the extent 
of myocardial infarction.?? Indomethacin might exert 
a differential action on enzymes responsible for syn- 
thesis of prostacyclin. In addition, Ogletree and Lefer?? 
suggested that indomethacin exerts a direct tonic effect 
on smooth muscle that may lead to undesirable vaso- 
constriction, an effect that may not be produced by 
aspirin, sulfinpyrazone or ibuprofen. In contrast to in- 
domethacin, ibuprofen is reported to decrease infarct 
size2^ 9? with no associated change in collateral flow 
assessed 6 hours after coronary occlusion.?* A sponta- 
neous increase in collateral flow observed in untreated 
control animals 6 hours after occlusion may have ob- 
scured an action of ibuprofen tending to augment col- 
lateral flow. In addition, the evolution of myocardial 
infarction proceeded for 48 hours after the arrival of 
microspheres and before the animals were killed. In- 
farction can lead to variable late reduction in the mi- 
crosphere content of tissues.?!-9^ 

Selective inhibition of prostaglandin synthesis: 
influence on collateral flow: Aspirin or sulfinpyra- 
zone might have a particularly beneficial effect on col- 
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lateral flow due to selective inhibition of prostaglandin 
synthesis leading to thromboxane A» accumulation in 
platelets while sparing vascular synthesis of prostacy- 
clin.?9 Such selectivity was particularly suggested for 
small doses of aspirin.!? In the present study, the min- 
imal aspirin dose necessary to produce complete inhi- 
bition of ADP-induced in vitro platelet aggregation (3 
mg/kg) was no more effective in increasing collateral. 
flow than a dose 10-fold greater than this minis 
Thus, if the smaller dose exerted greater selectivity and 
less inhibition of prostacyclin production, this did not 
result in a more favorable influence on collateral flow. 
The concept of selective inhibition is not supported by - 
our recent investigations of the effects of aspirin and 
sulfinpyrazone on ADP-induced in vitro platelet 
aggregation and arachidonic acid-induced (and, pre- 
sumably, prostacyclin-mediated) coronary vasodilation 
in dogs.9:!? Our results demonstrated parallel inhibition 
of platelet aggregability and coronary vasodilation 10 
minutes after administration of either aspirin or sul- ,' 
finpyrazone. The dosage range of aspirin and of sul-, ` 
finpyrazone included the values used in the current 
study. Parallel inhibition of platelet and vascular re- 
sponses by either aspirin or sulfinpyrazone was equally 
apparent with respect to threshold and maximal re- 
sponse. 

Possible limitations of method: The use of micro- 
spheres to measure blood flow in infarcting myocardium 
was recently called into question because of altered 
microsphere content in the area of infarction.?!-?? Four 
hours?? and 24 hours?! after occlusion, a significant re- 
duction in microsphere content is seen only in the en- 
docardium. It may be that alterations in micresphere 
content are due to edema in ischemic tissue that might 
be modified by anti-inflammatory agents. However, 
treatment with sulfinpyrazone did not alter the preoc- 
clusion microsphere content in the ischemic zone epi- 
cardium, suggesting that neither microsphere loss nor 
altered water content influenced the results. It appears 
that actual changes in flow rather than spurious changes 
in microsphere content were responsible for the ob- 
served results. 

Role of decreased edema in ischemic zone: In 
addition to inhibition of platelet aggregation and 
platelet synthesis of vasoconstrictor substances, aspirin 
or sulfinpyrazone may augment collateral flow by de- 
creasing the amount of edema in the ischemic zone, thus 
reducing obstruction of small vessels due to increased 
pressure in surrounding tissues. Moschos et al. dem- 
onstrated that treatment with aspirin!? or sulfinpyra- 
zone!’ diminishes the increase in sodium or water con- 
tent in canine myocardial ischemic zone. The question 
remains as to whether the increase in flow is due to a 
decrease in edema or whether the decrease in edema is 
due to an increase in flow. : 
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A quantitative cineangiographic method is presented for studying neonatal 
lamb ventricular volumes and pump function without thoracotomy or 
surgical instrumentation of the heart. When this method was employed 
in lambs with a mean age of 24.4 hours it was found that the right and left 
ventricular end-diastolic volumes, ejection fractions and systolic outputs 
did not differ significantly at this early postnatal time. Restudy of these. 
lambs at a mean age of 15.6 days showed that right and left ventricular ` 
end-diastolic volumes, normalized for body weight, and ejection fractions 
had not changed significantly. Although systolic outputs decreased, the 
difference was not significant. Thus there is early postnatal equalization 
of ieft and right heart volumes, and deviations from this relation should 
suggest abnormal hemodynamic function. 


Profound changes in circulatory demands and patterns occur in the 
adaptation from fetal to extrauterine life. Because right heart output 
in the fetal lamb is approximately twice left heart output,! presumably 
fetal right ventricular end-diastolic volume is considerably greater than 
left ventricular end-diastolic volume. With the postnatal equalization 
of right and left ventricular outputs, changes in right and left ventricular 
end-diastolic volumes occur such that these variables approach the equal 
or near equal values reported in infancy and childhood.?~> The time 
course over which these changes occur would be of considerable interest 
in evaluating normal versus abnormal right and left ventricular size in 
neonates with suspected heart disease. 

The purposes of this study were to develop a quantitative angiographic 
technique to investigate perinatal lamb right and left ventricular size 
and pump function, and to determine neonatal lamb right and left 
ventricular volumes and pump function in the Ist day of life and again 
at age 2 weeks without surgical instrumentation of the heart. 


Methods 


Cardiac catheterization: Nine term lambs aged 24.4 + 4.2 (mean + standard 
error of the mean) hours and weighing of 3.8 + 0.3 kg were loosely restrained on 
the left side on the catheterization table. Eight of these lambs underwent repeat 
catheterization at age 15.6 + 1.2 days, weighing 7.6 + 0.9 kg. They were allowed 
sugar water as desired from a nursing bottle during the procedure. Using local 
anesthesia with 1 percent Xylocaine®, no sedation and standard percutaneous 
technique, a 6 French balloon-tipped angiographic catheter was advanced 
through the femoral vein and inferior vena caya to the right heart. The foramen 
ovale was crossed to catheterize the left heart. Oxygen saturations (reflectance 
oximetry) were obtained in an attempt to detect intracardiac or ductal shunts. 
Phasic pressures were obtained in the four cardiac chambers and the pulmonary 
artery. Arterial blood gases and pH were determined before data collection. 

Cineangiocardiography: Biplane cineangiocardiograms of the left and right 
ventricles were obtained with the lambs in a 30? left anterior oblique position 
respective to the vertical X-ray beam, filming at 60 frames/s. Half the animals 
had the right ventricular cineangiogram taken first and half had the left ven- 
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tricylar cineangiogram first. Fifteen minutes was allowed 
between cineangiograms, and blood gases were checked during 
this interval. The electrocardiogram was monitored during 
cineangiography, and a wire grid of known size was filmed at 
the level of the lamb’s heart to provide a standard reference. 
Right and left ventricular end-diastolic and end-systolic 
volumes, ejection fractions and systolic outputs were calcu- 
. lated by techniques previously described and validated by 
KGraham and his co-workers.26 The multiple slice method of 
volume calculation was applied to the right ventricle? and the 
area-length method to the left ventricle.® 
Postmortem ventricular volume determination: After 
the second catheterization at a mean age of 15.6 days, the 
lambs were killed by injection of pentobarbital until they were 
unconscious, followed by rapid injection of potassium chloride. 
The hearts were excised rapidly, the pulmonary artery and 
the aorta were ligated, and the heart was filled with 10 percent 
buffered formalin solution through the venae cavae and pul- 
monary veins. The venae cavae and pulmonary veins were li- 
gated and the heart was placed in 10 percent buffered for- 
malin. After fixation in the distended state, the left and right 
ventricles were dissected from the atria at the level of the 
‘mitral and tricuspid anuli and gravity-filled with vulcanizing 
vinyl rubber mixed with barium sulfate”. The resulting ven- 
tricular casts were filmed along with the wire grid in the esti- 
mated in vivo position used for the quantitative angiogram. 
The actual volumes of the casts, determined by simple water 
displacement, were compared with the calculated angio- 
graphic volumes by standard linear regression techniques, and 
a correction factor for each lamb was derived to obtain true 
volume from calculated angiographic volume. Both the 
area-length® and the multiple slice? methods were used for 
volume calculations for each cast. 
Data are reported as the mean + standard error of the mean. 
Statistical significance is reported for probability (p) values 
less than 0.05 as determined with Student's t test. 


Results 


Neonatal lambs: All lambs tolerated the catheter- 
ization procedures well, and were up and about the day 
after the study. One lamb, although well during the first 
study, died at age 1 week with profuse diarrhea. No 
lamb showed atrial or ductal shunting on oximetry or 


TABLE | 
Catheterization Data for Newborn and Older Lambs 
Newborn Older 

Lambs Lambs p Value 
Age 24.4 4.2h 15.6 + 1.2 days «0.01 
Weight (kg) 3.8 + 0.3 7.6 + 0.9 «0.01 
Systemic oxygen 95 + 0.6 94 + 0.4 NS 

saturation (%)- 

Systemic pH 7.42 + 0.01 7.4 + 0.02 NS 
Hematocrit (96) 34 0.6 36 + 0.8 «0.05 
Heart rate , 

RV cine 245 +9 . 21949 NS 
LV cine * 240 + 10 219 4-9 NS 
RVP (mm Hg) 46 -3 30+ 2 <0.05 
LVP (mm Hg) 95+6 127 + 11 «0.05 


Cine = cineangiogram; LV = left ventricular; LVP = peak systolic 
left ventricular pressure; NS = not significant (p 20.05); p = probability; 
RV = right ventricular; RVP = peak systolic right ventricular pres- 
sure. 
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angiocardiography. The catheterization data are sum- 
marized in Table I. The systemic oxygen saturation and 
pH of the newborn and older lambs did not differ sig- 
nificantly before the catheterization data and cinean- 
giocardiograms were obtained. Five mEq of sodium 
bicarbonate was given to one newborn and one older 
lamb between the first and second cineangiograms be- 
cause of a pH of 7.31. All other blood gases remained 
within normal limits. 

The mean heart rates at the time the cineangiocar- 
diogram was being filmed (Table I) did not differ sig- 
nificantly in the two groups. In addition, heart rates for 
the right and left ventricular cineangiograms done at 
the same catheterization did not differ significantly. 

Neonatal right ventricular pressure of 46 + 3 mm Hg 
decreased significantly to 30 + 2 mm Hg by 2 weeks. 
Neonatal left ventricular pressure increased signifi- 
cantly from 95 + 6 to 127 + 11 mm Hg at 2 weeks. 

Figure 1 shows the relation between the calculated 
left ventricular cast volumes determined by the area- 
length method from the cineangiocardiogram and the 
actual left ventricular cast volumes determined by 
water displacement. The regression equation (y = 0.074 
+ 0.781x) allows determination of true volume given the 
calculated angiocardiographic volume. The correlation 
coefficient is 0.99 (p «0.001). A similar regression 
equation was obtained for left ventricular cast volumes 
using the multiple slice method (Table II). These 
equations did not differ in terms of r, p, slope, y-inter- 
cept or standard error of the estimate. The area-length 
method was used for in vivo left ventricular volume 
calculations because of the extensive use of this method 
in previous studies of animal and human left ventri- 
cles. 

Figure 2 illustrates similar data for right ventricular 
volumes calculated by the multiple slice method. 'T he 
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FIGURE 1. Left ventricular volume of lamb casts by water displacement 
as a function of calculated volume using the area-length method. S.E. 
= standard error. 


TABLE Il 


Comparison of Regression Equations* for Cast 
Volume Determinations 








r p a b SEE (cm?) 
Left ventricular casts 
Area-length method 0.992 «0.001 0.781 0.1 +0.4 
Multiple slice method 0.993 «0.001 0.781 —0.2 +0.4 
Right ventricular casts 
Area-length method 0.982 «0.001 0.592 0.8 +0.5 
Multiple slice method 0.980 <0.001 0.575 0.9 +0.5 


* y = ax + b, where y = “true” cast volume by water displacement 
in cm?, and x = calculated cast volume in cm’. 
SEE = standard error of estimate. 


formula y = 0.866 + 0.575x describes the line, with a 
correlation coefficient of 0.98 and a p value of <0.001. 
Again, a similar regression equation was obtained when 
cast volumes were calculated by the area-length method 
(Table II). The multiple slice method was used for in 
vivo right ventricular volume calculations because of the 
use of the method with previous right ventricular animal 
and human studies and because of its theoretical ad- 
vantage for volume determinations of chambers with 
irregular shapes such as can occur in systolic right 
ventricles. 

Left and right ventricular end-diastolic volumes for 
the neonatal lambs are shown in Figure 3. There was no 
significant difference between these two variables, and 
the regression equation relating left ventricular to right 
ventricular end-diastolic volume is shown. Left and 
right ventricular volumes were also compared using the 
area-length and multiple slice methods for both ven- 
tricles; these comparisons also showed no significant 
difference between neonatal left and right ventricular 
end-diastolic volumes. 





y = 0.866 + 0.575x 
S.E.= 0.509 

r = 0.98 

p < 0.00! 
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FIGURE 2. Right ventricular yolume of lamb casts by water displace- 
ment as a function of calculated volume using the multiple slice method. 
S.E. = standard error. 
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FIGURE 3. Left ventricular end-diastolic volume (LVEVD) as a function 
of right ventricular end-diastolic volume (RVEDV) for ngonatal lambs. 
SE = standard error. 
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Neonatal versus 2 week old lambs: In an attempt 
to determine a basis for comparing data on neonatal and 
older lambs, right and left ventricular end-diastolic 
volumes for both groups were plotted as a function of 
body weight (Fig. 4 and 5). Both ventricles showed a © 
significant linear relation over this weight range, as 
shown. 

End-diastolic volumes expressed as cubic centime- 
ters per kilogram are shown for both age groups in 
Figure 6. There was no significant difference between 
left and right ventricular volumes in either the neonatal 
or the 2 week old lambs. Although the ventricular vol- 
umes per kilogram of body weight were lower in the 
older lambs, the difference between neonatal and older 
lambs was not statistically significant. | 

The data for ejection fraction and systolic output 
(stroke volume X heart rate per kilogram of body 
weight) are shown for both groups in Table III. The 
ejection fractions of the right and left ventricles of 
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FIGURE 4. Left ventricular end-diastolic volume (LVEDV) as a function 
of body weight. SE — standard error. 
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FIGURE 5. Right ventricular end-diastolic volume (RVEDV) as a function 
of body weight. SE = standard error. 


neonatal lambs did not differ, but older lambs did show 

Za slightly higher right than left ventricular ejection 
fraction. When the right and left ventricular ejection 
fractions in the older lambs were compared with those 
in the neonatal lambs, there was no significant differ- 
ence. 

Similarly, systolic output of the right and left ven- 
tricles was compared within each study, and there were 
no significant differences. Finally, neonatal right and 
left ventricular stroke outputs were compared with 
those in older lambs, and no significant differences were 
found. 


" Discussion 


Ventricular volume changes in transition from 
fetal to extrauterine life: Interest in the cardiovas- 
cular adaptations from fetal to extrauterine life and in 
cardiac function in the newborn has provoked numerous 
studies of the events surrounding this transitional pe- 
riod. Rudolph and Heymann! showed that the fetal 
lamb right ventricular systolic output is approximately 
twice that of the left ventricle. This finding suggests that 
right ventricular end-diastolic volume exceeds left 
ventricular end-diastolic volume. Kleinman et al.,’ in 
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FIGURE 6. Left ventricular (LV) and right ventricular (RV) end-diastolic 
volumes for neonatal and older lambs. 


performing echocardiography on human fetuses, noted 
that right ventricular internal dimensions were con- 
sistently greater than left ventricular dimensions by a 
ratio of 1.51 + 0.08, and the majority of fetuses had 
parodoxical septal motion. These data suggest a marked 
similarity between lamb and human fetal heart volumes. 
Postnatal equalization of right and left ventricular 
outputs in both species presumably is accompanied by 
changes in right and left ventricular end-diastolic vol- 
umes. The time course over which these volumes change 
is unclear. Kirkpatrick et al.? presented in one lamb 
sonomicrometric data that showed an increase in left 
ventricular transverse dimension from approximately 
9 to 11 mm at the time of birth; subsequent measure- 
ment at 1 and 2 weeks showed dimensions of 15 and 18 
mm, respectively. These data, and our angiographic 
measurements, indicate that the left ventricle may di- 
late rapidly to accommodate the changing circulatory 
patterns after birth, which are similar in the lamb and 
human neonate. Characterization of perinatal changes 
in ventricular size and function and the time period over 
which such changes can occur will be of considerable 
interest in evaluating these variables in neonates with 
suspected heart disease. 


TABLE lll 
Right and Left Ventricular Ejection Fractions and Systolic Outputs in Neonatal and Older Lambs r 
Neonatal Lambs Older Lambs 
LV RV LV RV 
Ejection fraction 0.65 + 0.02 0.71 + 0.02 0.60 + 0.02 0.67 + 0.02 
p «0.05 
° LVEF, neonates versus older lambs: NS 
4 RVEF, neonates versus older lambs: NS 

Systolic output 255 + 16 289 + 20 203 + 23 268 + 26 


(ml/kg per min) 


NS 


LVSO, neonate versus older lambs: NS 
RVSO, neonate versus older lambs: NS 


EF = ejection fraction; LV = left ventricle; LVSO = left ventricular systolic output = (left ventricular stroke volume X heart rate)/kg of body weight; 
NS = not significant (p >0.05); p = probability; RV = right ventricle; RVSO = right ventricular systolic output = (right ventricular stroke volume 
X heart rate)/kg of body weight. 
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Change in myocardial function: We found no evi- 
dence of a depression in either left or right ventricular 
myocardial function in the neonatal lambs. Thus, de- 
spite ample experimental evidence of depressed con- 
tractile function of isolated muscle from fetal and neo- 
natal preparations,?.!? as well as incomplete cardiac 
sympathetic innervation in the neonate,’ overall cardiac 
pump function is not abnormal. These findings are in 
agreement with previous data reported by other inves- 
tigators®!!-!4 using various methods to assess overall 
cardiac performance or isolated left ventricular func- 
tion. 

The heart rate (219 + 9 beats/min) recorded at the 
time the cineangiocardiograms were being performed 
in the 2 week old lambs is slightly higher than heart 
rates recorded at this age by others.1?-1* There is little 
reported information to compare with the heart rates 
in our newborn lambs since there have been few hemo- 
dynamic investigations in the 1 day old lamb. Woods et 
al.13 noted a heart rate of 220 beats/min in the 1 week 
old lambs they studied, and Berman and Musselman!4 
found a heart rate of 205 beats/min at 1 week. The trend 
of a decreasing heart rate with age in our study agrees 
with data from others.!2-!4 Because we would rather 
accept a higher heart rate than possible myocardial 
depression, our lambs received no sedation. In addition, 
the major objective of the study was to compare right 
and left ventricular volumes, and thus a high heart rate 
. was acceptable for this purpose as long as there was no 
difference in heart rate between the two cineangiocar- 
diograms in each lamb. 

Validation of ventricular volume determinations: 
The methods used for the volume determinations de- 
serve further comment. Volume is overestimated by 
quantitative angiography, as has been shown in all 
previous studies of animal and human casts or dis- 
tended postmortem hearts. In this study we were able 
to use the lamb's own cast to determine a correction 
factor and adjust the calculated volume to a regressed 
or “true” volume. We were very careful to position the 
cast for postmortem angiograms in the same projections 
that were used for the in vivo volume determinations. 
It was not possible, of course, to have the cast volumes 
equal or even approximately equal to end-diastolic 
volumes in all cases. Volumes per kilogram of body 
weight for the casts encompass a range from in vivo 
end-diastolic volumes of approximately 1.5 ml/kg for 
the older lambs (Fig. 6) to slightly less than end-systolic 
volumes for the neonatal lambs. Despite this variation 
in cast size, the scatter along the regression line was 
small, and the regression analysis indicates an excellent 
correlation between calculated and “true” cast volume 
(Fig. 1 and 2). 

Because the in vivo volumes were calculated at fast 
heart rates, thus implying small volumes, a theoretical 
calculation was performed assuming equal end-systolic 
volumes to determine what difference in right and left 
ventricular volumes would be expected if right ven- 
tricular output were equal to twice left ventricular 
output, as has been shown for the fetus. These calcula- 
tions (Table IV) indicate that right ventricular end- 


Therefore: RVSV 
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TABLE IV 


Calculation of Right and Left Ventricular End-Diastolic 
Volumes for Assumed Constant End-Systolic Volume and 
Right Ventricular Output = Twice Left Ventricular Output 


Assumptions: RVSO = twice LVSO 
RVESV = LVESV = 2.0 ml (from neonatal . 
data) 
RVSO = 289 ml/kg/min X 3.8 kg = 1 089 
ml/min (Table Ill) 
Heart rate 245 (Table |) -d 


1,089/245 = 4.4 ml/beat 


RVEDV RVSV + RVESV = 4.4 + 2.0 = 
6.4 ml 

LVSO = RVSO/2 = 545 ml/min 

LVSV = (545 ml/min)/(245 beats/min) = 
2.2 ml/beat 

LVEDV = LVSV+LVESV = 2.2 + 2.0 = 

4.2 ml 
RVEDV/LVEDV = 6.4/4.2 = 1.52 or RVEDV = 52 


percent larger thant. VEDV 


EDV = end-diastolic volume; ESV = end-systolic volume; LV = left 
ventricular; RV = right ventricular; SO = systolic output (heart rate X — 
stroke volume); SV = stroke volume. 


diastolic volume would be 52 percent greater than left | 
ventricular end-diastolic volume under these conditions. | 
Our in vivo studies for the neonatal lambs showed a — 
nonsignificant 2.9 percent difference between right and — 


left ventricular end-diastolic volumes. Thus, even at the 


very small volumes and fast heart rates studied, an ap- 
preciable difference in volumes such as that which oc- 
curs in the fetus would have undoubtedly beey detected . 
by these methods. 

The quantitative cineangiocardiographic method 
presented here should prove useful for studying neo- 
natal lamb ventricular volumes and pump function 
without thoracotomy or instrumentation of the heart. 
The general angiographic method has been validated 
previously. The relation between the ventricular 
volumes calculated from the biplane cineangiocardio- 
grams and the actual ventricular volumes was linear, 
and the correlation coefficients approached unity. Ry - 
use of the derived regression equations relating calcu- | 
lated and true volumes, quantitative angiocardiography 
can be performed on lambs at any age. 

The mean age of the younger lambs was 24.4 hours 
because of the logistics of obtaining cardiac catheter- 
ization laboratory time. Two lambs, aged 8 and 9 hours, 
respectively, tolerated the procedure as well as 24 hour 
old lambs. The single death among the nine newborn 
lambs was unrelated to the catheterization procedure. 
The eight remaining lambs showed good weight gain 
between the procedures. i 

Implications: Left and right ventricular size had 
equalized during the first 24 hours of life in the newborn 
lamb group. In the two youngest lambs studied before 
9 hours of age, the mean left and right ventricular end- 
diastolic volumes were almost identical. This finding 
suggests that the equalization of ventricular size occurs 
shortly after birth, and any deviation from this relation 
should suggest abnormal hemodynamic function in a 
neonate with suspected heart disease. . 
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® Prescribing Considerations 
E Indications: K-LYTE DS and K-LYTE are oral potassium supplements for therapy or prophylaxis of potassium deficiency. They are par- 
ticularly useful when thiazide diuretics, corticosteroids, or severe vomiting and diarrhea cause excessive excretory potassium losses; 
and when dietary potassium is low. Carefully monitored, K-LYTE DS and K-LYTE may also be useful for potassium replacement where 
| digitalis intoxication results in cardiac arrhythmias. 
Each effervescent tablet in solution supplies 25 mEq Contraindications: Impaired renal function with oliguria or azotemia; Addison's disease; hperkalemia from any cause 
potassium as bicarbonate and citrate Warnings and Precautions: Since the amount of potassium deficiency ne be pec y to € accurately supplements should 
. be administered with caution. and dosages adjusted to the requirements of the indlVidual patient. Potassium intoxication rarely 
Orange and Lime Flavors occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include listlessness, mental 
The best of taste for over a decade confusion, and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, and serum potassium level are 


desirable. In established hypokalemia, attention should also be directed toward other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized patients and such patients should be monitored by ECG for cardiac irregulari- 
ties. To minimize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. 

Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of potassium salts. 

Dosage and Administration: Adults: 1 K-LYTE DS tablet (50 mEq potassium) completely dissolved in 6 to 8 ounces of cold or ice 
water, 1 to 2 times daily; 1 K-LYTE tablet (25 mEq potassium) completely dissolved in 3 to 4 ounces of cold or ice water, 2 to 4 times 


KLYTEDo 


Each effervescent tablet in solution supplies 50 mEq daily. NOTE: It is suggested that K-LYTE DS and K-LYTE be taken with meals and sipped slowly over a 5 to 10 minute period. 
potassium as bicarbonate and citrate How Supplied: K-LYTE DS effervescent tablets (orange or lime i 
i flavors) are available in cartons of 30 and 100. K-LYTE efferves- k: 
Orange and Lime Flavors cent tablets (orange or lime flavors) are available in cartons of M d mem , 
Convenient once-a-day dosage 30 and 250. All tablets are individually foil wrapped. Bd Hl PHARMACEUTICAL DIVISION 
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CORGARD® TABLETS 

Nadolol Tablets 

DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
degree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component sup- 
porting circulatory function in congestive heart failure, and its inhibition by beta- 

- blockade may precipitate more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, they can be used with caution in patients 
with a history of failure who are well-compensated, usually with digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued 
use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 
or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing chronic 
use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
dosage over a 1- to 2-week period and carefully monitor the patient. Reinstitute 
nadolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary in- 
sufficiency develops. Warn patients not to interrupt or discontinue therapy without 
physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even 
in patients treated only for hypertension. 


dept Bronchospasm (e.g., chronic bronchitis, emphysema) — PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
BLOCKERS. Administer nadolol with caution since it may block bronchodilation pro- 
duced by endogenous or exogenous catecholamine stimulation of beta; receptors. 

Major Surgery — Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been sug- 
gested that such therapy should be withdrawn several days prior to surgery. Recognition 
of the increased sensitivity to catecholamines of patients recently withdrawn from beta- 
blocker therapy, however, has made this recommendation controversial. If possible, 
withdraw beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta-receptor 
agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse the 
effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been 
reported with beta-adrenergic receptor blocking agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the appearance 
of premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of 
acute hypoglycemia. This is especially important with labile diabetics. Beta-blockade also 
reduces release of insulin in response to hyperglycemia; therefore, it may be necessary to 
adjust dose of antidiabetic drugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g., 
tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
blockade which might precipitate a thyroid storm, carefully manage patients. suspected 
of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with caution in 
presence of either of these conditions (see DOSAGE AND ADMINISTRATION sec- 
tion of package insert). 

Information for Patients — Warn patients, especially those with evidence of coronary 
artery insufficiency, against interruption or discontinuation of nadolol without physician's 
advice. Although cardiac failure rarel¥ occurs in properly selected patients, advise 
patients being treated with beta-adrenergic blocking agents to consult physician at first 
sign or symptom of impending failure. — * 

Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. When treating patients with 
nadolol plus a catecholamine-depleting agent, carefully observe for evidence of hypoten- 
sion and/or excessive bradycardia which may produce vertigo, syncope, or postural 


hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years' oral 
toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

— |n animal reproduction studies with nadolol, evidence of embryo- and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 
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CORGARD 


nadolol tablets 


40 mg, 80 mg, 120 mg, 160 mg scored tablets 


greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, exercise caution when nadolol is administered to a 
nursing woman. Animal studies showed that nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually 
of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, 
hypotension, and rhythm/conduction disturbances have each occurred in about 1 of 100 
patients. Single instances of first degree and third degree heart block have been reported; 
intensification of AV block is a known effect of beta-blockers (see also CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous System — 
Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDICA- 
TIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 
reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in 1 
to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculomucocutaneous syndrome associated with 
practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be considered 
potential adverse effects of nadolol. Central Nervous System — reversible mental depres- 
sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic colitis. 
Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. 
Allergic — fever combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — reversible alopecia; Peyronie's disease; erythematous rash. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In deter- 
mining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice.) 

F Bronchospasm — Administer a beta;-stimulating agent and/or a theophylline 
erivative. . 
DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing 
of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond to 
mg or less daily). If treatment is to be discontinued, reduce dosage gradually over a 
period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval — see package insert 
for dosage in these patients. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per 
tablet in bottles of 100 and 1000 tablets and in Unimatic? single-dose packs of 100 tablets. 
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Exercise-induced regional wall motion abnormalities on radionuclide 
angiography have been thought to be a reliable indicator of coronary artery 
disease. To evaluate their reliability, particularly in patients with valvular 
heart disease, exercise radionuclide angiography was performed in 12- 
normal subjects, 35 patients with coronary artery disease and 19 patients 
with valvular heart disease and normal coronary arteries. Exercise-in- 
duced regional wall motion abnormalities were found in none of the normal 
subjects, 63 percent of the patients with coronary artery disease and 42 
percent of those with valvular heart disease and were predominantly in- 
feroapical in location in the group with valvular heart disease. We conclude 
that exercise-induced regional wall motion abnormalities are not reliable 
for the detection of coronary ertery disease in patients with valvular heart 
disease. 


Exercise radionuclide angiography is an important recent addition to 
the cardiac diagnostic armamentarium, and abnormal responses with 
respect to changes in the left ventricular ejection fraction with exercise 
have been described in both coronary!-? and valvular heart disease.9? 
However, exercise-induced regional wall motion abnormalities have been 
reported only in the presence of coronary arterial stenosis and have been 
considered specific for the disease.!~’ Inasmuch as coronary and valve 
disease often coexist, it is important to determine whether exercise- 
induced regional wall motion abnormalities are indeed a reliable indi- 
cator of coronary disease and therefore whether their presence in patients 
with valve disease implies associated disease of the coronary arteries. 
Accordingly, the prevalence of exercise-induced regional wall motion 
abnormalities was examined in three groups of patients: normal subjects, 
patients with coronary artery disease and those with valvular heart 
disease but normal coronary arteries. 


Methods 


Study patients: Three groups of patients were evaluated. Group I consisted 
of 12 normal volunteers, 8 male and 4 female, ranging in age from 25 to 35 years. 
They had no evidence of cardiac disease. All had norma! findings on physical 
examination, chest roentgenography, resting and exercise electrocardiography, 
and none had a history of chest pain or dyspnea. Group II consisted of 35 con- 
secutive patients with coronary artery disease (50 percent or greater reduction 
in luminal diameter of at least one major vessel) without valvular heart disease. 
All were men aged 33 to 79 years. Twelve had a previous myocardial infarction. 
All 35 presented with chest pain; 21 were in New York Heart Association!? 
functional class II and 14 in class III. Nine had single vessel, 16 double vessel 
and 10 triple vessel disease. 

Nineteen consecutive patients with valvular heart disease and normal cor- 
onary arteries constituted Group III: 14 with aortic regurgitation, 2 with aortic 
regurgitation or aortic stenosis, and 1 each with aortic stenosis, mitral regurgi- 
tation and combined aortic and mitral regurgitation. Eighteen were male and 
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EXERCISE RADIONUCLIDE ANGIOGRAPHY —HECHT AND HOPKINS 


POSTERO- 
LATERAL 


INFEROAPICAL 


FIGURE 1. Division of left anterior oblique radionuclide angiogram into 
septal, inferoapical and posterolateral regions. LV — left ventricle; RV 
— right ventricle. 


1 female. They represented all of the patients with valvular 
heart disease with normal coronary angiograms who were re- 


` ferred for exercise radionuclide angiography as part of their 
' diagnostic evaluation. None had a chest pain syndrome. All 


patients gave informed consent. 
Exercise protocol: All patients underwent maximal graded 


— supine bicycle exercise beginning at a work load of 200 kg- 


m/min with the load increasing by 200 kg-m/min every 3 
minutes until limited by chest pain, dyspnea or fatigue. Blood 
pressure, pulse and electrocardiographic leads II, aVF and V; 
were monitored during each stage and for 10 minutes after 
exercise. 

Imaging procedure: In vivo red blood cell labeling was 
accomplished by the intravenous administration of 7.5 mg 
stannous pyrophosphate followed 15 minutes later by ad- 
ministration of 25 mCi of technetium-99m pertechnetate. The 
patient was positioned on the exercise table in the left anterior 
oblique projection (usually around 45°) that maximized 
separation of ventricular images. Data were acquired over a 
2 minute period before exercise and during the last 2 minutes 
of each 3 minute exercise stage at 14 frames/cycle at a time per 
frame adjusted to accommodate all 14 frames in the first two 
thirds of the cycle. An Ohio Nuclear Series 120 portable 
scintillation camera with a high sensitivity collimator, inter- 
faced to a Medical Data Systems PAD computer, equipped 
with a hardware zoom set at 1.5 magnification and a Brattle 
electrocardiographic gate, was utilized for all studies. 

Data analysis: Data were processed with conventional 
software programs utilizing variable region of interest, 
semiautomated computer edge detection based on second 
derivative and threshold criteria and computer-determined 
background. Left ventricular ejection fraction was calculated 
as follows: Ejection fraction = (End diastolic — End systolic 
counts)/(End diastolic counts — background counts). 

The following regression equations and correlation coef- 
ficients (r) represent the validation, reproducibility and 
observer variability of the radionuclide ejection fraction (EF) 
in our laboratory: 

Correlation with right anterior oblique contrast ventric- 
ulography in 30 patients: Radionuclide EF = 0.97 contrast 
EF + 0.02 [r = 0.93 (p «0.001)]* 

Reproducibility for two studies performed 30 minutes 
apart in 39 patients: EF? = 0.97 EF; + 0.02 [r = 0.97 (p 
<0.001)]. 

Intraobserver variability for two analyses performed 1 
week apart in 62 patients: EF? = 0.997 EF, + 0.002 [r = 0.995 
(p «0.001)]. 

Interobserver variability in 29 patients: EF observers = 
1.01 observer; — 0.003 [r = 0.99 (p «0.001)]. 
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An increase in ejection fraction from rest to exercise of at 
least 0.05 was defined as a normal ejection fraction response 
based on data from our laboratory. An abnormal ejection 
fraction response was defined as a decrease or an increase of 
less than 0.05. 

Regional wall motion was evaluated by viewing the cardiac 
cycle in an endless loop video format and by inspection of 
superimposed computer edges. Wall motion was graded for 
each of the three regions viewed in the left anterior oblique 
projection (septal, inferoapical and posterolateral; Fig. 1) on 
the following scale: 5 = hyperkinesia, 4 = normal, 3 = mild 
hypokinesia, 2 = moderate hypokinesia, 1 = severe hypoki- 
nesia, 0 = akinesia, —1 = dyskinesia. 

The correlation between regional wall motion on radio- 
nuclide angiography in anterior and 45° left anterior oblique 
projections and contrast ventriculography in 30° right an- 
terior oblique and 45° left anterior oblique projections was 
determined in our laboratory in 18 patients. Among a total of 
74 regions available for analysis (divided into septal, apical, 
posterolateral, inferior and anterior regions), the techniques 
were in exact agreement in 34, one grade apart in 36 and two 
grades apart in only 4. In 95 percent (70 of 74) of the regions 
agreement was exact or within one grade. The reproducibility 
of the regional wall motion analysis was evaluated in a blinded 
manner in 66 patients undergoing two left anterior oblique 
radionuclide angiographic procedures within 30 minutes of 
each other. Agreement was exact in 88 percent (175) of 198 
regions, within one grade in 12 percent (23). Intraobserver 
variability, determined by analysis of the same angiogram on 
two occasions separated by an interval of 1 week, yielded 90 
percent of regions in exact agreement and 10 percent one grade 
apart. Measurement of interobserver variability in the same 
group disclosed that 85 percent of the segments were in exact 
agreement and 15 percent were one grade apart. On the basis 
of the aforementioned data, in our laboratory a change in re- 
gional wall motion is defined as a difference of at least two 
grades. In the present study, an exercise-induced regional wall 
motion abnormality was defined as a worsening by at least two 
grades in one or two of the three regions. Worsening in all three 
regions was not considered to represent regional wall motion 
abnormality but rather a global reduction in ventricular 
function. Regional wall motion was evaluated independently 
by two experienced observers without knowledge of the car- 
diac catheterization data, and differences in grading that oc- 
curred in 10 percent of regions were resolved by joint re- 
view. FA 

Cardiac catheterization: Selective coronary angiography 
was performed utilizing Judkins catheters in conventional 
projections. Regurgitation was documented by aortic root or 
left ventricular contrast cineangiography, or both, and was 
graded as follows: 1+ = partial filling of the recipient chamber, 
2+ = complete filling of the recipient chamber which empties 
within two beats after injection and is less opacified than the 
injected chamber, 3+ = persistence of contrast medium in the 
recipient chamber up to five beats after injection, and 4+ = 
equal opacification of the recipient and injected chambers and 
persistence of contrast medium for greater than five beats. 

Statistical analyses were performed utilizing Student's t 
test for unpaired values. All values are presented as mean + 
standard deviation. 


Results 


Group I: In all normal subjects the ejection fractipn 
increased by at least 0.05 with exercise, and no regional 
or global wall motion abnormalities developed. The 
baseline ejection fraction was 0.68 + 0.08 and increased 


to 0.80 + 0.10 with exercise. With exercise the heart rate 
increased to 155 + 24 beats/min. 

Group II: Of the 35 patients with coronary disease, 
27 (77 percent) had an inadequate ejection fraction re- 
sponse to exercise ( a decrease or an increase of less than 
0.05 in ejection fraction), 22 (63 percent) had exercise- 
induced regional wall motion abnormalities, 29 (83 
percent) had either an abnormal ejection fraction re- 
sponse or regional wall motion abnormalities, and 20 (57 
percent) had both. Baseline ejection fraction was 0.59 
+ 0.10 for the entire group and 0.56 + 0.16 with exercise. 
With exercise the heart rate increased to 121 + 20 
beats/min. Exercise was limited in 18 patients by chest 
pain, in 10 by shortness of breath and in 7 by fatigue. 

Group III (Table I): Eight patients (42 percent) in 
this group with valvular heart disease and normal cor- 
onary arteries had exercise-induced regional wall mo- 
tion abnormalities; seven were inferoapical (Fig. 2) and 
one was posterolateral. All eight patients had an ab- 
normal ejection fraction response, and the ejection 
fraction decreased from a baseline value of 0.56 + 0.15 
to 0.49 + 0.13 with exercise, with an increase in heart 
rate to 123 + 20 beats/min. Exercise was limited in five 
patients by shortness of breath and in three by fatigue. 
Among the remaining 11 patients, global wall motion 
abnormalities developed in 6, and 5 had normal wall 
motion with exercise. Ten of the 11 had an abnormal 
ejection fraction response, and the baseline ejection 
fraction of 0.62 + 0.12 decreased to 0.54 + 0.11 with 
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exercise for these 11 patients with an increase in heart 
rate to 122 + 23 beats/min. Exercise was limited in 7 of 
the 11 patients by shortness of breath and in 4 by fa- 
tigue. 

There were no significant differences between pa- 
tients with and without regional wall motion abnor- 
malities in the distribution of functional class, severity. 
of valvular heart disease, left ventricular end-diastolic 
pressure, end-diastolic volume, cardiac index and ex- 
ercise heart rate. Baseline and exercise ejection fractions 
were significantly lower (p <0.02) in the 8 patients with 
exercise-induced regional wall motion abnormalities 
than in the remaining 11 patients. When the eight pa- 
tients with exercise-induced regional wall motion ab- 
normalities were compared with the six in whom global 
wall motion abnormalities developed, there were no 
significant differences in either baseline (0.56 + 0.15 
versus 0.58 + 0.10) or exercise (0.49 + 0.13 versus 0.47 
+ 0.08) ejection fraction. However, the decrease in 
ejection fraction from rest to exercise was significantly 
greater for those with global wall motion abnormalities 
than for those with regional wall motion abnormalities 
(0.11 + 0.07 versus 0.07 + 0.06, p <0.001). 


Discussion 


The usefulness of a diagnostic test depends on its 
sensitivity, its specificity and the nature of the popu- 
lation in which it is employed. Exercise radionuclide 
angiography, using the criteria of abnormal ejection 


Clinical, Hemodynamic and Radionuclide Data in Patients With Valvular Heart Disease and Normal Coronary Arteries 











Ejection Fraction Exercise- 
Age NYHA Induced 
Patient (yr) FC LVEDP EDV Cl VHD Rest Exercise WMA 
A. Segmental Wall Motion Abnormalities 
1 32 | 18 240 4.0 3 + AR 0.76 0.67 IA 
2 63 | 23 254 2.2 3+ AR 0.51 0.50 IA 
3 57 I 33 319 2.8 3+ AR 0.36 0.33 IA 
E 65 d 14 315 2:7 3 + AR 0.61 0.51 IA 
5 52 I 12 230 2.6 3+ AR 0.70 0.64 PL 
6 67 | 28 183 2.7 2+ AR 0.65 0.48 IA 
7 63 | 9 227 4.1 2 + AR; 1+ MR 0.51 0.53 IA 
& 68 Il 20 353 3.1 1+ AR; moderate AS 0.38 0.29 IA 
Mean + SD ... TT 18.4 £989 205.1: 67.7", 997B 0:77 cs 0.56 + 0.15 0.49 c 0.13 Las 
B. No Segmental Wall Motion Abnormalities 
9 54 Hl 17 146 3.4 3+ AR 0.59 0.49 Global 
10 60 | 25 86 3.2 2 + AR; moderate AS 0.87 0.72 ar 
11 69 I 10 185 2.0 3 + AR 0.71 0.61 Global 
12 58 I 11 232 1.7 3 + AR 0.54 ° 0.47 Global 
13 60 | 11 94 3.3 2+ AR 0.44 0.40 Global 
14 65 I 33 257 2] 3 + AR 0.63 0.63 79 
15 55 I 7 81 2.1 2+ AR 0.53 0.61 
16 65 I 23 273 3.0 2+ AR 0.68 0.67 x; 
17 57 | 15 195 1.8 Moderate AS 0.68 0.44 Global 
18 61 I 7 351 3.1 3 + MR 0.59 0.57 "e 
19 51 I 16 190 1.9 3 + AR 0.51 0.38 Global 
Mean SD ... „ae . 159 4282.,9900 485.4. 2.507 ... 0.62+0.12 0.54 € 0.11 Li 


AR = aortic regurgitation; AS = aortic stenosis; Cl = cardiac index (liters/min/m?); EDV = end-diastolic volume (ml); IA = inferoapical; LVEDP 
= left ventricular end-diastolic pressure (mm Hg); MR = mitral regurgitation; NYHA FC = New York Heart Association functional class'9; PL = 
posterolateral; SD = standard deviation; VHD = valvular heart disease; WMA = wall motion abnormalities. e 
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REST 
.65 


EXERCISE 
48 


-~ FIGURE 2. Exercise-induced inferoapical hypokinesia in a patient with 


moderate aortic regurgitation and normal coronary arteries. The resting 
ejection fraction of 0.65 decreased to 0.48 with exercise. ED = end- 
diastole; ES = end-systole. 


fraction response and of regional wall motion abnor- 
malities, has been reported! to be both highly sensitive 
and specific for coronary artery disease. The results in 
this study, utilizing only Groups I and II (normal 
subjects and patients with coronary artery disease), are 
consistent with these reports. In particular, the speci- 
ficity for regional wall motion abnormalities has ranged 
from 87? to 100 percent.?-7 However, all of the reported 
series studied patients without evidence of heart disease 
as normal control subjects and did not consider the 
possibility that cardiovascular disorders other than 
coronary disease may influence regional wall motion 
with exercise. Thus, if a subset of patients with a rela- 
tively large prevalence of positive responses in the ab- 
sence of coronary disease is included in the true negative 
group, the reliability of the test for detecting coronary 
disease will diminish in proportion to the prevalence of 
such a subset in the population. Furthermore, the test 
is likely to be of limited value in the diagnosis of coro- 
nary disease in this subset. 

Role of valvular heart disease (aortic regurgi- 
tation): Our study indicates that patients with valvular 
heart disease and, more particularly, aortic regurgita- 
tion, represent such a subset. Borer and co-workers?:? 
showed that an abnormal ejection fraction response to 
exercise occurs in a high proportion of patients with 
aortic regurgitation with normal coronary arteries. 
Thus, the presehce or significance of coronary disease 
cannot be established in this group on the basis of 
ejection fraction response alone. However, exercise- 
induced regional wall motion abnormalities, which are 
thought to represent ischemic dysfunction of muscle 
supplied by a significantly obstructed coronary artery, 
have not been described in patients with valvular heart 
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disease. For this reason, such changes have been con- 
sidered specific for and a reliable indicator of coronary 
disease. However, the 42 percent prevalence rate of 
exercise-induced regional wall motion abnormalities in 
patients with valvular heart disease and normal coro- 
nary arteries found in our study clearly demonstrates 
the lack of reliability of these changes in detecting 
coronary artery disease in this group of patients. The 
specificity of exercise-induced regional wall motion 
abnormalities for coronary artery disease would vary 
with the prevalence of patients with valvular heart 
disease and normal coronary arteries in the population 
referred for evaluation of chest pain syndromes. 

It is often clinically relevant to determine the 
presence or absence of coronary disease in patients 
with valvular heart disease because the coexistence of 
the two diseases may have a significant bearing on the 
medical and surgical management. Furthermore, chest 
pain syndromes often accompany valvular heart disease 
in the presence of normal coronary arteries. It is evident 
that the high prevalence rate of exercise-induced re- 
gional wall motion abnormalities (42 percent), as well 
as abnormal ejection fraction responses (95 percent), 
in patients with valvular heart disease and normal 
coronary arteries limits the usefulness of exercise ra- 
dionuclide angiography alone in the clinical decision- 
making. Our data indicate that the presence of exer- 
cise-induced regional wall motion abnormalities in a 
patient with valvular heart disease, and aortic regurgi- 
tation in particular, does not constitute reliable evidence 
for the presence of associated coronary artery dis- 
ease. 

Mechanisms of wall motion abnormalities in 
valvular heart disease: The mechanism of exercise- 
induced regional wall motion abnormalities in these 
patients is unclear. Neither the severity of the valve 
disease nor the functional status of the resting ventricle 
appears to be the basis for the abnormal response. Ab- 
normalities of resting left ventricular geometry have 
been observed in patients with valvular heart dis- 
ease!!-4^ and, more particularly, in volume overload 
states in which the ventricle assumes a more spherical 
shape. Reduction in both minor and major axis short- 
ening has been described in left ventricular failure and 
in major axis shortening alone in compensated volume 
overload.!! With exercise, the degree to which the 
ventricle decompensates may determine the felative 
reductions in minor and major axis shortening. Re- 
duction in both axes may result in global wall motion 
abnormalities, whereas reduction in major axis short- 
ening alone may produce apical abnormalities. In this 
study, the significantly greater reduction in ejection 
fraction with exercise in those with global wall motion 
abnormalities compared with the subset with regional 
wall motion abnormalities may support this hypoth- 
esis. 

Alternatively, one may speculate that ventricular 
hypertrophy produces unever gradients of regional 
myocardial perfusion so that when a disparity between 
oxygen supply and demand is created by exercise, the 
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areas with relatively poor perfusion develop regional 
changes found with myocardial ischemia. The pre- 
dominantly inferoapical locations of the abnormality 
in the absence of coronary disease are consistent with 
the possibility that the distal areas of the hypertrophied 
ventricle are the ones that become poorly perfused in 
patients with valvular heart disease. 


EXERCISE RADIONUCLIDE ANGIOGRAPHY —HECHT AND HOPKINS 


The older age range of the patients with valvular 
heart disease compared with the normal volunteers 
raises the possibility that age alone may predispose to 
exercise-induced regional wall motion abnormalities, 
independent of the valvular heart disease. However, 
sufficient data are not available to deny or confirm this 
possibility. Ee 


References 


1. Borer JS, Bacharach SL, Green MV, Kent KM, Epstein SE, 
Johnston GS. Real-time radionuclide cineangiography in the 
noninvasive evaluation of global and regional left ventricular 
function at rest and during exercise in patients with coronary artery 
disease. N Engl J Med 1977;296:839-44. 

2. Bodenheimer MM, Banka VS, Fooshee CM, Gillespie JA, Helfant 
RH. Detection of coronary heart disease using radionuclide de- 
termined regional ejection fraction at rest and during handgrip 
exercise: correlation with coronary arteriography. Circulation 
1978;58:640-8. 

3. Berger HJ, Reduto LA, Johnstone DE, et al. Global and regional 
left ventricular response to bicycle exercise in coronary artery 
disease. Assessment by quantitative radionuclide angiocardi- 
ography. Am J Med 1979;66:13-21. 

4. Jengo JA, Oren V, Conant R, et al. Effects of maximal exercise 
stress on left ventricular function in patients with coronary artery 
disease using first pass radionuclide angiocardiography. A rapid 
noninvasive technique for determining ejection fraction and seg- 
mental wall motion. Circulation 1979;59:60—-5. 

5. Borer JS, Kent KM, Bacharach SL, et al. Sensitivity, specificity 
and predictive accuracy of radionuclide cineangiography during 
exercise in patients with coronary artery disease. Comparison with 
exercise electrocardiography. Circulation 1979;60:572-80. 

6. Brady TJ, Thrall JH, Clare JM, Rogers WL, Lo K, Pitt B. Exercise 
radionuclide ventriculography: practical considerations and sen- 
sitivity of coronary artery disease detection. Radiology 1979; 


132:697-702. 

7. McEwan P, Newman GE, Port S, Upton MT, Cobb FR, Jones RH. 
Sensitivity and specificity of exercise radionuclide angiography 
in detecting coronary disease (abstr). Am J Cardiol 1980;45: 
408. 

8. Borer JS, Bacharach SL, Green MV, et al. Exercise-induced left 
ventricular dysfunction in symptomatic and asymptomatic patients 
with aortic regurgitation: assessment with radionuclide cineangi- 
ography. Am J Cardiol 1978;42:351-7. 

9. Borer JS, Rosing DR, Kent KM, et al. Left ventricular function at | 
rest and during exercise after aortic valve replacement in patients 
with aortic regurgitation. Am J Cardiol 1979;44:1297-— 1305. 

10. Criteria Committee of the New York Heart Association. Nomen- 
clature and Criteria for Diagnosis of Diseases of the Heart and Great 
Vessels. 8th ed. Boston: Little, Brown, 1979: 

11. Hood WP, Rolett EL. Patterns of contraction in the human left 
ventricle (abstr). Circulation 1969;40:Suppl III:III- 109. 

12. Rackley CE, Hood WP. Quantitative angiographic evaluation and 
pathophysiologic mechanisms in valvular heart disease. Prog 
Cardiovasc Dis 1973;15:427-47. 

13. Fischl S, Herman M, Gorlin R, Sonnenblick E, Helfant R, Horn H. 
Functional implications of changes in left ventricular shape in aortic 
valve disease (abstr). Circulation 1974;49:Suppl Iil:Il!-226. 

14. Johnson AD, Alpert JS, Francis GS, Vieweg VR, Ockene |, Hagan 
AD. Assessment of left ventricular function in severe aortic 
regurgitation. Circulation 1976;54:975-9. " 





. Quantitative Two Dimensional Echocardiography During 
Bicycle Exercise in Normal Subjects 


WERNER ZWEHL, MD 

PASCAL GUERET, MD, FACC 
SAMUEL MEERBAUM, PhD, FACC 
DIANNE HOLT 

ELIOT CORDAY, MD, FACC 


_ Los Angeles, California 


From the Division of Cardiology, Department of 
Medicine, Cedars-Sinai Medical Center, and the 
Department of Medicine, UCLA School of Medi- 
cine, Los Angeles, California. This study was 
supported in part by Grants HL 17651-05 and 
17651-06 from the National Heart, Lung, and 
Blood Institute, National Institutes of Health, Be- 
thesda, Maryland; the American Heart Association, 
Greater Los Angeles Affiliate; Anna Bing Arnold, 
William Forman and Guilford Glazer; the Jules 
Stein Foundation, the Florence P! Hamilton 
Foundation, the Ahmanson Foundation, the W. M. 
Keck Foundation, and the B. D. Mitchell Family 
Foundation, Los Angeles, California. Manuscript 
received May 12, 1980; revised manuscript re- 
ceived November 5, 1980, accepted November 
7, 1980. 

Address for reprints: Eliot Corday, MD, Ce- 
dars-Sinai Medical Center, Halper Research 
Butiding, 8700 Beverly Boulevard, Los Angeles, 
California 90048. 


A quantitative two dimensional echocardiographic study was conducted 
in 10 normal subjects performing bicycle exercise in a supine position. 
Standardized two dimensional echocardiographic short axis and apical 
views of the left ventricle were analyzed to derive left ventricular sectional 
areas and length. Over a range of exercise heart rates from 108 to 152 
beats/min, satisfactory two dimensional echocardiographic views and 
measurements were obtained for quantitative assessment of sectional 
and global left ventricular function. Variability of left ventricular short axis 
area measurements ranged from 2.9 to 8.3 percent. Left ventricular vol- 
ume reconstruction employed a simplified formula (volume — 5/6 area 
X length) with a single papillary muscle level short axis area and left 
ventricular length. Changes in left ventricular function from rest to exercise 
quantitated by two dimensional echocardiography indicated a significant 
reduction in end-systolic volume (from 28.1 + 5.6 to 20.8 + 4.3 cc/m?, 
p <0.001) and increased left ventricular ejection fraction (from 63.4 + 
6.3 to 72.1 + 5.7 percent, p <0.001). The change in end-diastolic volume 
was not significant. 

It is concluded that standardized two dimensional echocardiographic 
study during supine bicycle exercise in normal subjects provides good 
reproducibility of measurements of sectional and global left ventricular 
function. Quantitative two dimensional echocardiographic exercise study 
of global as well as segmental left ventricular performance in patients may 
be feasible using standardized procedure and analysis. 


The importance of stress testing to determine cardiac function and re- 
serve is well appreciated. M mode echocardiography has been used in 
conjunction with bicycle exercise in normal subjects!-? and in patients 
with coronary artery disease to determine changes in left ventricular 
internal dimensions and abnormalities of wall motion. But because the 
M mode technique is restricted to a single beam, it has limitations for 
purposes of spatial orientation and quantitation. In contrast, two di- 
mensional echocardiography in principle allows a comprehensive visu- 
alization of cross sections of the heart, including structural landmarks 
such as the valves and papillary muscles. Utilizing this improved mode 
of noninvasive imaging allows reliable measurement of left ventricular 
dimensions and cross-sectional areas so that changes in global as well 
as regional left ventricular function may be assessed.7-!3 Real time two 
dimensional echocardiography is readily repeatable and inherently ca- 
pable of visualizing all the segments of the left ventricle on a beat to beat 
basis. The current study was performed in normal young subjects and 
was specifically designed to develop the methodology, validate its fea- 
sibility and establish the reproducibility of two dimensional echocar- 
diographic quantitation of cardiac function during dynamic exercise. 


e 
Methods 


Study subjects: Ten healthy male volunteers with a mean age of 25 + 9 years 
(range 16 to 48) who were not preconditioned to exercise were used for the two 
dimensional echocardiographic stress series, and their informed consent was 
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obtained before the study was initiated. Four others were 
excluded from the study because at high heart rates during 
exercise two dimensional echocardiography produced un- 
satisfactory left ventricular short axis views. These views did 
not meet the endocardial outline quality required for quan- 
titative analysis of stress-induced changes in cardiac func- 
tion. 

Exercise equipment and stress protocol: The volunteers 
exercised in a supine 30? left lateral position, which appears 
to provide an optimal acoustic window for echographic viewing 
of the left ventricle better than that provided by other posi- 
tions.? Pilot two dimensional echographic studies in normal 
subjects confirmed that this position was well tolerated and 
provided more satisfactory imaging of left ventricular short 
axis views. Figure 1 shows the inclined ergometer-equipped 
exercise table, with foam rubber pads supporting the shoulder 
and hip of the supine subject. 

An electromagnetically controlled bicycle ergometer (Sta- 
tham) with a pedaling frequency of approximately 60 revo- 
lutions/min was used. Exercise was graded, starting at 60 watts 
and then increasing to 125 watts within 6 minutes; the latter 
level was maintained during a 5 minute period, from the 7th 
to the 12th minute of exercise. The echocardiographic pro- 
cedure was performed initially at rest, with the subject's legs 
raised onto the bicycle pedals. Two dimensional echocardi- 
ography was repeated during the last 2 minute segment of the 
5 minute peak exercise period. Electrocardiograms (V; lead) 
and cuff systolic blood pressure were monitored at rest and 
during exercise. 

Echocardiographic equipment and recording proce- 
dure: An 84° phased array sector scanner (Varian V-3000) 
with a 2.25 megahertz transducer was employed in this study. 
Two dimensional echographic images were analyzed from 
videotapes stored on and replayed from a Sanyo video re- 
corder (VTC 7100). Two dimensional echographic short axis 
left ventricular views were recorded from a left parasternal 
position in the third or fourth intercostal space. A circular 
short axis cross-sectional image at the mitral valve level was 
obtained, using the valve leaflets and endocardial as well as 
epicardial interfaces as landmarks. By angulating the trans- 
ducer inferiorly, a second short axis sectional view was re- 
corded at the mid papillary muscle level. At this level circu- 
larity of the section for proper orientation of the sector plane 


FIGURE 1. Overall view of two dimensional echocar- 
diographic set-up during exercise. The subject is bicycling 
supine on a special inclined table equipped with an er- 
gometer. The Varian system employs a 2.25 megahertz 
transducer and provides cross-sectional visualization of 
the left ventricle. 

5 


was judged on the basis of the epicardial echographic interface, 
since protrusion of papillary muscles into the lumen of the left 
ventricle distinctly modifies the endocardial outline. An apical 
four chamber view for measuring left ventricular length was 
obtained by positioning the transducer on the chest over the 
apex at the site of maximal impulse. Reducing the receiver 
gain setting radically in the near field allowed us to visualize - 
the apical region satisfactorily in all subjects in this study. In ' 
this view, sufficient landmarks were available throughout the 
procedure to ensure adequately repeatable visualization of 
the left ventricle. The parasternal long axis view, in contrast, 
does not allow complete visualization of the whole left ven- 
tricular length. 

Echocardiographic measurements and analvsis: Two 
dimensional echocardiographic indexes of cardiac function 
were obtained at rest and during peak exercise. To minimize 
known effects of respiration and consequent variability of 
echocardiographic measurements,‘ all two dimensional re- 
cordings were performed during unforced held expiration. The 
subjects were carefully instructed to avoid the Mueller ma- 
neuver. 2 

End-diastole was defined from the electrocardiogram to. 
coincide with the onset of the QRS complex, and end-systole 
was timed at the end of the T wave. This procedure was chosen 
because of ease of identification, and it seemed less subjective 
than taking the smallest or largest area. End-systolic and 
end-diastolic endocardial outlines were traced onto trans- 
parent paper from screen projections of short axis sections 
during video tape stop-motion replay. The innermost border 
of this echo band was traced, and the intraluminal area within 
these endocardial outlines was determined with planimetry. 
Calibration of the two dimensional echocardiographic pictures 
had been previously checked with a wire phantom box, and 
correction factors taken from horizontal and vertical scales 
on the video screen were then applied to the measurements. 
Full use of video tape image replay viewing of dynamic ven- 
tricular motions helped interpolate any discontinuities or 
dropouts of echocardiographic endocardium or epicardium. 
Figure 2 illustrates typical distinct left ventricular short axis 
cross sections obtained at rest. 

Intraluminal left ventricular end-diastolic and end-sys- 
tolic short axis areas were measured at both the mitral valve 
level and the papillary muscle level. In the latter view, drawing 
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of the innermost endocardial margin excluded papillary 
muscle areas from the measured intraluminal area (Fig. 2 C 
and D). This procedure reflects the real intracavitary area at 
this ventricular level and is not arbitrarily modified. Left 
ventricular long axis length was measured from the apex to 
the mitral-aortic junction in the apical four chamber view at 
. end-systole and end-diastole. 'The fractional change of short 
axis section areas from end-diastole to end-systole, normalized 
to end-diastole, was calculated for both levels of the left ven- 
tricle: (1) Fractional area change at the mitral valve level = 
[(EDAm — ESAm)/EDAn] X 100 percent and (2) Fractional 
area change at the papillary muscle level = [(EDAp — 
ESAp)/EDAp] X 100 percent, where EDAm - end-diastolic 
area at mitral level; ESAm = end-systolic area at mitral level; 
EDAp = end-diastolic area at papillary level; and ESAp = 
end-systolic area at papillary level. 
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A simple mathematic model for left ventricular volume 
reconstruction is necessary in all studies involving beat to beat 
or relatively rapid changes in cardiac function, such as those 
encountered in stress testing. End-diastolic and end-systolic 
volumes as well as ejection fraction were therefore computed 
using a simplified formula (V = 5/6 AL, where A = mid pa- 
pillary muscle level short axis area and L = left ventricular 
length) which assumes a half-ellipsoid half-cylindrical left 
ventricular geometry.1!?.16 

Statistical analysis: The two dimensional echocardio- 
graphic data obtained at rest and during exercise were ex- 
pressed as mean + standard deviation, and the statistical 
significance of changes in each subject was analyzed by Stu- 
dent’s paired ¢ test. Reproducibility of measurements was 
expressed in terms of a linear regression correlation coefficient 
(r) and standard errors of estimate as well as in mean percent 


VH LIT 


FIGURE 2. Short axis cross-sectional views at the papillary muscle level of the left ventricle at rest. A, end-diastolic frame. B, end-systolic frarge. 
These sample illustrations were obtained by direct photography from the video screen. Additional definition of the muscle to blood interface is derived 
by observing wall dynamics during videotape replay. C and D, with papillary muscles serving as landmarks, endocardial outlines are traced and 
intraluminal cross-sectional areas are determined with planimetry. AL pm = anterolateral papillary muscle; LAT = lateral wall; LV = left ventricular 


cavity; PM pm = posteromedial papillary muscle; VS = ventricular septum. 
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error of duplicate measurements: (first measurement — second 
measurement)/average of the first and second measure- 
ment. 


Results 


Hemodynamics (Fig. 3): Heart rate increased sub- 
stantially with exercise in each subject and increased 
significantly (p <0.001) from 68 + 12 (range 56 to 86) 
to 130 + 14 beats/min (range 108 to 152). Systolic blood 
pressure also increased sharply in each case, from 110 
+ 10 to 150 + 14 mm Hg (p <0.001). The blood pressure 
heart rate product increased significantly from 72 + 17 
to 194 + 21 mm Hg/min 107? (p <0.001). 

Two dimensional echocardiographic data (Fig. 
4 and 5): Figure 4 shows results from individual two 
dimensional echographic papillary muscle short axis 
measurements, and Figure 5 compares data obtained 
at this and the mitral valve level of the left ventricle. 
End-diastolic short axis area at the mitral valve and 
papillary muscle level did not change significantly from 
rest to exercise (19.6 + 3.4 to 19.4 + 3.7 and 17.6 + 3.4 
to 17.5 + 4.0 cm?, respectively). In contrast, end-systolic 
area decreased significantly from 11.0 + 0.6 to 8.8 to 1.4 
cm? (p <0.001) at the mitral valve level and similarly at 
the papillary level from 7.5 + 1.5 to 5.7 + 1.1 cm? (p 
« 0.001). 

The fractional short axis area change was higher at 
the papillary muscle level than at the mitral valve level: 
57.1 + 7.4 versus 43.3 + 7.4 percent (p <0.005) at rest 
and 67.2 + 5.2 versus 54.1 + 6.5 percent during exercise. 
The increase in this fractional area change from rest to 
exercise was highly significant (p «0.005) at both the 
mitral valve (+10.8 + 3.5 percent) and mid papillary 
muscle levels (+10.1 + 3.5 percent), with a high degree 
of correlation between these two determinations (r = 
0.89, SEE = 2.5 percent). 

Left ventricular length measurements at end-dias- 
tole and end-systole did not change significantly from 
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FIGURE 3. Hemodynamic changes from rest to exercise. Heart rate 
(HR) and systolic blood pressure (SBP) increased uniformly and sig- 
nificantly from rest (R) to exercise (EX). A highly significant increase 
was noted in the HR X SBP product. SD = standard deviation. 
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FIGURE 4. Changes from rest to exercise in left ventricular short axis 
cross-sectional areas at the papillary muscle level. All 10 subjects 
studied had a decrease in end-systolic area (ESA); end-diastolic area 
(EDA) did not respond uniformly. The fractional area change, [(EDA — * 
ESA)/EDA] X 100 percent, increased in each subject. Other abbrevi- . 
ations as in Figure 3. : 


rest to exercise: 9.4 + 0.8 to 9.4 + 0.8 cm and 8.0 + 0.8 
to 8.1 + 0.6 cm, respectively (Fig. 6). 

Global left ventricular function computed from 
two dimensional echocardiographic measurements 
(Table I and Fig. 7): End-diastolic volume did not 
change significantly from rest to exercise (76.7 + 15.7 
to 75.4 + 16.2 cc/m?), but end-systolic volume decreased 
significantly from 28.1 + 5.6 to 20.8 + 4.3 cc/m* (p 
<0.001). Ejection fraction increased significantly from 
63.4 + 6.3 to 72.1 + 5.7 percent (p <0.001). 

Reproducibility of two dimensional echocar- 
diographic measurements at rest and exercise 
(Table II and Fig. 8): In all 10 subjects, the reproduc- 
ibility of left ventricular short axis area and length 
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FIGURE 5. Mean changes from rest to exercise in left ventricular short 
axis cross-sectional areas, at both the papillary muscle (PM) (circles) 
and mitral valve (MV) (triangles) levels. The trends are equivalent, but 
areas at the mitral level were larger. Changes from rest to exercise in 
fractional systolic area were similar and significant regardless of the _ 
left ventricular level used. Unidentified abbreviations as in Figures 3 
and 4. 
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FIGURE 6. Alterations in left ventricular length from rest (R) to exercise 
(EX). End-diastolic and end-systolic length showed no characteristic 
change due to exercise. NS = not significant; SD = standard devia- 
tion. 


measurements was studied in the diastolic and systolic 
phases of the cardiac cycle at rest and during exercise. 
To assess intraobserver reproducibility, the same ob- 
server traced in random order two different frames, 
without being aware of preceding frames. Interobserver 
reproducibility studies were performed by two trained 
observers independently tracing the same preselected 
frame. Beat to beat reproducibility was examined by 
two observers, independently selecting and tracing their 
own frame in different beats of the same steady state. 

At rest,'measurements of short axis papillary muscle 
level areas showed good intraobserver, interobserver 
and beat to beat reproducibility in both diastole and 
systole, with no consistent over- or underestimation. 
Correlation coefficients ranged from 0.87 to 0.96 and 
standard errors of the estimate from 0.65 to 1.63 cm?. 
Mean percent errors were 4.8 to 8.3 percent. There was 
satisfactory reproducibility and no significant deteri- 
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FIGURE 7. Two dimensional echographic reconstructed left ventricular 
volumes. The simplified formula V — 5/6 AL was used for volume (V), 
where A = short axis area at the papillary muscle level and L = left 
ventricular length. The volumes were normalized for body surface area. 
End-diastolic volume index (EDVI) did not change with exercise (EX), 
but end-systolic volume index (ESVI) decreased significantly. As a result, 
left ventricular ejection fraction (EF) increased significantly with ex- 
ercise. R = rest; NS = not significant; SD = standard deviation. 


oration in two dimensional echocardiographic mea- 
surements during exercise (Fig. 8), r values ranging from 
0.90 to 0.99, standard errors of the estimate from 0.46 
to 1.11 cm? and mean percent errors from 2.9 to 7.9 
percent. Analysis of two dimensional echographic left 
ventricular length also indicated good reproducibility 
for both end-systole and end-diastole at rest and during 
exercise, with coefficients ranging from 0.91 to 0.98, 
standard errors of the estimate from 0.14 to 0.35 cm and 
mean percent errors from 1.5 to 2.8 percent. 


Discussion 


This study was intended basically to demonstrate in 
a group of normal subjects the ability of two dimen- 


Two Dimensional Echographic Assessment of Left Ventricular Volumes and Ejection Fraction During Exercise in 


10 Normal Subjects 





End-Diastolic End-Systolic 
Volume Volume Ejection " 
(cm3/m?) (cm3/m?) Fraction (96) 
Case Rest Exercise Rest Exercise Rest Exercise 
alt TURON CURE TC PURA XOSS AG x SECCERES ee Se eae, okies fc: be Desi: oig o EDO ale Ps MR anon di to RR 

1 84 82 30 20 65 76 

2 70 67 24 19 65 71 

3 85 & 80 26 19 69 76 

4 99 90 38 26 62 72 

5 55 E 59 26 23 53 61 

6 oar 53 27 20 52 63 

7 88 88 35 22 64 75 

8 95 104 32 29 66 73 

9 63 60 19 14 71 78 

10 71 71 24 17 67 76 

Mean 76.7 75.4 28.1 20.8 63.4 72.1 oè 
SD 15.7 16.2 5.6 4.3 6.3 5.7 
p NS «0.001 «0.001 





Left ventricular volume (V) was computed using the simplified formula V = 5/6 AL, where A = mid papillary muscle level short axis area and 
L = left ventricular length. NS = not significant; p = probability; SD = standard deviation. 


. a= 
870. 
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' TABLE Il 


Reproducibility of Mid Papillary Muscle Level Short Axis Area Measurements in 10 Normal Subjects 





End-Diastole End-Systole 
Rest Exercise Rest Exercise 
Intra-O A. Inter-O B-B Intra-O . Inter-O B-B Intra-O . Inter-O B-B Intra-O X Inter-O B-B 

Regression analysis 

r , 0.96 0.95 0.93 0.97 0.99 0.97 0.90 0.90 0.87 0.90 0.93 0.92 

SEE (cm^) 1.2 1.16 1.63 0.99 0.54 1.11 0.75 0.65 0.76 0.50 0.46 0.48 

Slope* 0.99 1.03 1.01 1.02 1.01 1.02 0.99 0.98 0.98 0.96 0.99 1.01 
Percent error 

Mean 5.8 4.8 6.6 5.0 2.9 7.1 8.3 7.8 5.8 7.9 5.8 5.1 

SD 3. 3.8 4.4 3.2 1.9 5.1 4.7 5.0 4.4 7.1 5.2 4.1 





B-B = interobserver beat to beat; inter-O = interobserver; intra-O = intraobserver; SD = standard deviation; SEE = standard error of esti- 


mate. 


* Slope of regression equation (intercept being forced through origin). 


sional echocardiography to provide reproducible data 
and allow quantitation of changes in left ventricular 
function from rest to exercise. We performed two di- 
mensional echocardiography in young volunteers, first 
at rest and then during supine submaximal exercise. 
Technical expertise was necessary to manipulate the 
echocardiographic transducer within 30 seconds to 2 
minutes through three different cross sections with 
correct apical orientation and optimal visualization of 
endocardium. The endocardial border was defined best 
in short axis sections, thus providing actual intraluminal 
areas. 


Standardization of Method 


To provide satisfactory image reproducibility and 
allow quantitation, practical standardization of the two 
dimensional echocardiographic exercise method was 
necessary. Thus, for ease of identification, two dimen- 
sional echocardiographic measurements were taken at 
conventional electrocardiographic points (in end-systole 
and end-diastole of the cardiac cycle!) throughout the 
exercise study to rule out the frequently more serious 
subjectivity and variability of choosing the smallest and 
largest area on two dimensional echocardiographic 
frames. However, use of these electrocardiographic- 
related criteria might result in distortion of calculated 
ventricular volumes and ejection fraction at elevated 
heart rates. Equivalent criteria should of course be used 
in stugies that compare two dimensional echocardiog- 
raphy with alternate techniques that rely on maximal 
and minimal left ventricular chamber areas or counts. 
Tilting the exercise table improved parasternal visu- 
alization of the left ventricle considerably, presumably 
because of less lung interference. Because respiration 
has a significant effect on cardiac dimensions, ^ exercise 
hyperventilation can lead to poor definition of cardiac 
interfaces, and we therefore performed the assessment 
during an equivalent phase of the respiratory cycle at 
unforced held expiration. 

The apical four chamber view proved more de- 
p&ndable for measurement of complete left ventricular 
length than did the frequently incomplete parasternal 
long axis view. These left ventricular length measure- 
ments were reproducible, with an interobserver vari- 


ability of less than 2.8 percent. Short axis sections were 
obtained both at the basal and mid ventricular levels of. 
the left ventricle. To ensure correct outlining of these 
short axis views from a tracing of stop frames, video 
tapes were repeatedly played back against the back- 
ground of the tracings to assess true cardiac wall motion 
and also allow rational interpolation of echo dropouts 
and uncertain boundary definition. Even at exercise- 
induced heart rates up to 150 beats/min, we found that 
the interobserver and beat to beat reproducibility of the 
two dimensional echographic measurements of short 
axis areas was satisfactory (variability less than 8.3 
percent). 

The fractional systolic change in short axis area may 
be thought of as a sectional characteristic of left ven- 
tricular function, somewhat analogous to a global ejec- 
tion fraction. This short axis area index increased sig- 
nificantly and in a similar manner from rest to exercise 
at both the mitral valve and papillary muscle left ven- 
tricular levels. However, the absolute values of the 
fractional area change at rest and during exercise were 
higher at the papillary muscle level, presumably because 
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FIGURE 8. Interobserver beat to beat reproducibility of left ventricular 
short axis areas at the papillary muscle level. Measurements were 
performed by two trained observers independently selecting and tracing 
their own frame in different beats A and B from two dimensional 
echocardiographic recordings during exercise. Correlation was ob- 
served over a range of areas from 4 to 8 cm? in end-systole and from 
12 to 23.5 cm? in end-diastole. These reproducibility results obtained 
at high heart rates were only slightly inferior to those obtained in studies 
at rest. Me - 
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of a pronounced intraluminal intrusion of the papillary 
muscles during systole. Left ventricular length did not 
change significantly from rest to exercise in these nor- 
mally contracting hearts. 

Because time for echocardiographic study during 
exercise was limited, a simplified reconstruction formula 
(V = 5/6 AL) was used for calculation of left ventricular 
volumes and ejection fraction. It required only one short 
axis cross-sectional area. In our previous studies, the 
choice of the papillary muscle level short axis area in the 
simple formula had proved most suitable for left ven- 
tricular volume quantitation, even in the presence of 
regional asymmetry.!516 The changes from rest to ex- 
ercise of left ventricular volumes and ejection fraction 
measured with two dimensional echocardiography 
compared favorably with those reported by others!8:19 
applying other methods in healthy human beings at 
similar stress levels. 

Methodologic problems: In our preliminary study, 
aimed at quantitative analysis, fully satisfactory visu- 
alization of the endocardium during rest and exercise 
was possible in 10 (71 percent) of 14 subjects, thus 
suggesting that this technique may be useful only in a 
portion of a patient population. Recent reports on two 
dimensional echocardiography during exercise for 
qualitative study of segmental wall motion in patients 
with coronary artery disease!!:!* present an adequate 
yield of parasternal two dimensional echocardiographic 
imaging ranging from 39 to 90 percent. In our experi- 
ence, tilting the exercise table often improved the ability 
to achieve parasternal visualization of the left ven- 
tricle. e 

Because the resolution of two dimensional echocar- 
diographic images tends to deteriorate at high heart 
rates, subjects exercised moderately to a submaximal 
level of heart rate. For two dimensional echocardio- 
graphic exercise studies, lower heart rates will probably 
be sufficient to investigate left ventricular functional 
changes. 

H yperventilation during exercise may be a primary 
technical problem leading to difficulties with definition 
of the left ventricular endocardial and epicardial 
echographic interfaces. Our two dimensional echocar- 
diographic assessment at rest and exercise, performed 
during an equivalent phase of the respiratory cycle 
(unforced held expiration), provided optimal images. 
Nevertheless, whole heart rotation and intrathoracic 
translation may still cause significant shifts in the apical 
portion of the heart during exercise, complicating ac- 
curate determination of changes in left ventricular 
length. Good visualization of the apex was achieved in 


our exercise study by careful and standardized apical 
placement of the transducer, minimizing known prob- 
lems with foreshortening of the left ventricle in the 
apical views. 


Clinical Application 


Several investigators! have performed M mode 
echocardiography in normal subjects during bicycle 
exercise. They reported divergent results regarding 
induced changes of left ventricular diameter at com- 
parable work loads. Although M mode echocardiogra- 
phy does provide a high level of temporal resolution of 
cardiac motion within the thin interrogating beam, this 
technique appears quite limited by its lack of spatial 
orientation for study of dynamic exercise. Furthermore, 
this technique does not lend itself to accurate assess- 
ment of left ventricular volumes, particularly in the 
presence of asynergy.?? In contrast, standardized two 
dimensional echocardiographic performance and 
analysis allows reproducible measurements of the 
changes from rest to exercise in global and sectional left 
ventricular function, and the results from this technique 
correspond to exercise data obtained with alternate 
methods.!9*.19 

We believe quantitative two dimensional exercise 
studies in patients with abnormal cardiac function can 
employ the basic criteria developed in our study of 
normal subjects. Yet, differences should be kept in 
mind. The adequate number and quality of two di- 
mensional echocardiographic views needed for quan- 
titating left ventricular function may be more difficult 
to achieve in patients with conditions such as coronary 
artery disease, emphysema and pulmonary congestion. 
However, we anticipate the level of exercise and at- 
tained heart rate in these patients to be lower than in 
the normal subjects, thus facilitating the process of 
obtaining satisfactory images during two dimensional 
echocardiographic exercise studies. Clinical studies are 
currently underway to test this two dimensional echo- 
cardiographic technique against alternate techniques 
in both normal subjects and patients with coronary 
heart disease. We anticipate that further validations will 
show that two dimensional echocardiography is a useful 
noninvasive technique that may be applied during 
programmed exercise to quantitate cardiac function in 
various clinical settings. 
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Indium-111 platelet imaging, which can identify sites of active intravas- 
cular platelet deposition, and two dimensional echocardiography, which 
can identify intracardiac masses, can both be used to detect left ven- 
tricular thrombi noninvasively. We compared these techniques in 44 men 
at risk for thrombi from remote transmural myocardial infarction (31 pa- 
tients) or cardiomyopathy (13 patients). All 44 patients underwent platelet 
imaging; 35 underwent echocardiography. 

On platelet imaging nine patients had thrombi and one had a possible 
thrombus. Of these 10 studies, none were positive at 2 hours, 5 were 
positive at 24 hours and all were positive 48 or 72 hours after platelet 
labeling. Nine of these patients underwent echocardiography, and all had 
an intraventricular mass. The findings on platelet scanning were negative 
in six patients who had positive (four patients) or equivocally positive (two 
Patients) findings on echocardiography. All patients with thrombi detected 
by either noninvasive method had transmural anterior myocardial in- 
farction with ventricular aneurysm. Of the seven patients who underwent 
Cardiac surgery or autopsy, three had thrombi. Platelet imaging failed to 
identify one thrombus in a patient in whom imaging was performed only 
at 24 hours after labeling. There were no false positive platelet images 
in this group. Five of these seven patients (two with thrombi, three without) 
underwent echocardiography; in all cases the echocardiographic findings 
agreed with the pathologic findings. 

Both platelet imaging and echocardiography detect ventricular thrombi. 
Platelet imaging may detect only the most hematologically active thrombi. 
Both techniques may help define patients at risk of embolization and may 
be useful for in vivo assessment of antithrombotic drugs. 


Left ventricular mural thrombi occur frequently in patients with either 
myocardial infarction or congestive cardiomyopathy and may lead to 
catastrophic embolic events. One quarter to two thirds of patients with 
fatal myocardial infarction have left ventricular thrombi.!-9 In the 
presence of left ventricular aneurysm, the incidence rate is probably 
higher (44 to 78 percent) as documented at autopsy?:710-13 or cardiac 
surgery.14-15 A similarly high incidence rate of 35 to 63 percent has been 
reported in autopsy series of patients with congestive cardiomyopa- 
thy.!??? Regardless of the cause, patients with mural thrombi have a 
clearly increased risk of embolism ranging from 33 to 64 per- 
cent.9.7,5-1120-2? Although many embolic events may be clinically silent, 
particularly those in the spleen or kidneys,?? systemic emboli caused or 
contributed to death in 12 to 33 percent of autopsy patients with myo- 
cardial infarction or left ventricular aneurysm.1-?? Clinically diagnosed 
systemic emboli occur in 2 to 12 percent of patients after acute myo- 
cardial infarction*5225 and in 13 percent of patients with idiopathic 
cardiomyopathy.?? In patients with known systemic embolism, the in- 
hospital mortality rate is high (15 to 40 percent).8:26-32 


874 . April 1981 . The American Journal of CARDIOLOGY Volume 47 


Several clinical factors are known to increase the risk 
of embolism. These factors include the presence of an 
aneurysm, ’!4:21,33 congestive heart failure,®2.34 acute 
versus old myocardial infarction,!??? multiple infarc- 
tions,” transmural infarction,!!° size of myocardial 
infarction,9 older patient age^? and anterior myocar- 
dial infarction.*° However, the value of any of these 
factors, individually or combined, for predicting embolic 
events in an individual patient is limited. Accurate de- 
tection of thrombus is the only means of determining 
risk of embolism, but the premortem diagnosis of in- 
tracardiac thrombi has been limited and is usually un- 
suspected until the time of an embolic event. Contrast 
angiography detected only 20 to 50 percent of left ven- 
tricular thrombi later proved at operation.!4.17.18 Non- 
invasive detection of left ventricular thrombi offers 
obvious advantages in defining patients at risk for em- 
bolism and in monitoring the response to therapy. Two 
dimensional echocardiography can detect ventricular 
thrombi,?9-4*? but the sensitivity and specificity are not 
currently known. The rate of false negative studies has 
been as high as 50 percent (4 of 8)?? and of false positive 
studies as high as 23 percent (3 of 13).°6 

Radioactive labeling of blood components that are 
incorporated into mural thrombi is another potential 
method of detecting intracardiac thrombi. 'To date, 
atrial or ventricular thrombi have been demonstrated 
in small numbers of patients using either labeled fi- 
brinogen,^^ antifibrinogen*?46 or platelets.47:48 In- 
dium-111 oxine platelet imaging has detected abnormal 
platelet deposition in a variety of experimental animal 
models4?-^* and in a limited number of patients with 
arterial or venous thrombi.47:4855-57? The purpose of this 
study was to (1) assess whether indium-111 platelet 
imaging could noninvasively detect left ventricular 
thrombi in human subjects, (2) determine the optimal 
time for imaging thrombi, and (3) compare results of 
platelet imaging with two dimensional echocardio- 
graphic findings. Clinical variables associated with 
thrombi detected with indium-111 platelet imaging or 
echocardiography were also defined. 


Methods 


Patients: Forty-four patients were selected for study on the 
basis of previous transmural myocardial infarction, defined 
by Q wave criteria (Group A, n = 31), or cardiomyopathy, 
defined as an ejection fraction of 0.45 or less in patients with 
no history of transmural infarction or angina pectoris (Group 
B, n = 13). All patients were men aged 60 + 8 years (mean +1 
standard deviation) in Group A and 57 + 9 years in Group B. 
In Group A, 3 patients had only a transmural inferior infarc- 
tion, 18 had only a transmural anterior infarction and 10 had 
both anterior and inferior infarctions. No patient in Group 
B had a transmural infarction. Patients in Group A were 
studied 2 weeks to 96 months after infarction (mean 20.6 + 
27 months). Left ventricular ejection fraction determined by 
radionuclide or contrast angiography was 0.31 + 0.13 (range 
0.10 to 0.61) in 28 patients in Group A and 0.25 + 0.10 (range 
0.12 to 0.45) in 13 patients in Group B. All but two patients 
ifi Group B had an ejection fraction of less than 0.30. Patients 
were excluded from study if they were receiving either hepa- 
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rin, warfarin or any platelet-active drug. This study wag ap- 
proved by the University of Washington Human Subjects 
Research Committee, and informed consent was obtained in 
all cases. 

Preparation of indium-111 platelets: Autologous platelet 
labeling was performed using a closed bag modification of the 
technique of Thakur et al.* and commercially available in- 
dium-111-oxine (Diagnostic Isotopes, Bloomfield, New Jer-. 
sey). One hundred ml of whole blood was collected into à 
plastic plasma pack (Fenwal Laboratories, Morton Grove, 
Illinois) containing 20 ml of acid citrate dextrose anticoagulant | 
and centrifuged at 200 g for 10 minutes. The supernatant. 
platelet-rich plasma was transferred to a second bag by a 
plasma extractor and the pH adjusted to 6.5 with 0.15 M citric 
acid. After centrifugation at 2,000 g for 20 minutes, the su- 
pernatant platelet-poor plasma was removed and the platelet 
pellet washed with 20 to 30 ml of Ringer's citrate dextrose. The 
platelets were then resuspended in 1 ml of Ringer's citrate 
dextrose. After 20 minutes of incubation with*1 mCi of in- 
dium-111-oxine, 10 ml of Ringer's citrate dextrose was added. 
The platelet pellet was reformed by centrifuging at 2,000 g for , 
20 minutes. The residual platelet-poor supernatant was de- 
canted and the pellet rinsed with 20 to 30 ml of Ringer's citrate ` 
dextrose. The labeled platelets were then resuspended in 5 ml 
of nonradioactive autologous platelet-poor plasma. A final 
slow centrifugation at 200 g for 5 minutes removed contami- 
nating red and white cells. The supernatant platelet suspen- 
sion was drawn off and counted in a dose calibrator to ascer- 
tain net labeling efficiency and patient radiation dose. The 
platelet suspension was injected intravenously into the patient 
and the volume recorded. The mean labeling efficiency was 
41 + 13 percent (range 17 to 74) and the mean patient dose was 
403 + 160 wCi (range 133 to 836). 

Radionuclide imaging: Cardiac imaging was performed 
using a Sigma 410 Ohio Nuclear gamma scintillation camera 
with a medium energy parallel hole collimatog (model 
28W08610). Both gamma photon peaks of indium-111 activity 
at 173 and 247 keV were counted. All images were recorded 
on trilens Polaroid film and entered into a computer in a 128 
by 128 matrix (Medical Data Systems, Ann Arbor, Michigan). 
Anterior, 45? left anterior oblique and left lateral views were 
obtained for a total of 200,000 to 300,000 counts/view. Initially, 
all patients underwent imaging 2 and 24 hours after platelet 
injection. The imaging interval from injection was later in- 
creased to a minimum of 48 hours because positive studies, 
when present, were always noted on either the 24 or 48 hour 
images. The longest imaging interval from injection was 24 
hours in 19 patients, 48 hours in 14 patients and 72 hours or 
greater in 11 patients. Blood pool activity in the heart and 
great vessels as well as indium-111 platelet accumulation in 
the liver and spleen provided reference points for localization 
of any abnormal cardiac activity. All images were visually 
interpreted by two observers who were unaware of the clinical 
data for the presence or absence, location and extent of focal 
accumulation of radioactivity. Images were defined as positive 
for thrombi if there were one or more discrete areas of intra- 
cardiac activity clearly greater than background blood pool. 

Two dimensional echocardiography: Real time cross- 
sectional echocardiograms were performed in 37 patients using 
either a commercially available wide angke mechanical sector 
scanner (9 patients) (A. T.L. Laboratories, Bellevue, Wash- 
ington) or a wide angle phased array sector scanner (28 pa- 
tients) (Toshiba Medical Systems, Tokyo, Japan). Echocar- 
diography was performed at the time of platelet study in 26 
patients, within 1 month in 5 patients and 1 to 10 months later 
in 6 patients. Conventional long and short axis and apical two 
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and four chamber views were obtained from the standard 
transducer positions at variable gain settings with the patient 
in the supine or left lateral position. Additionally, in order to 
examine the apex thoroughly, nonstandard views were ob- 
tained from the midprecordium and the apex. T'wo echocar- 
diograms were excluded as technically inadequate. The re- 
maining 35 were interpreted by two observers unaware of the 





FIGURE 1. Indium-111 platelet image in the anterior view obtained 48 
hours after plajelet injection in a patient with left ventricular thrombus. 
The cardiac blood pool image is in the center of the field and the liver 
at the lower left. There are two contiguous areas of intense radioactivity 
representing platelet deposition at the cardiac apex. 


TABLE | 


clinical data as positive for thrombus if there was a consistent, 
distinct mass of refractile echoes clearly seen in both systole 
and diastole that projected into the ventricular cavity and was 
contiguous with the endocardium. Equivocally positive studies 
were those in which the mass of echoes was not definitely 
discrete or distinct from transducer or chest wall artifacts. 
'These artifacts appeared as indistinct masses of echoes that 
were not clearly intracardiac. 'The echocardiographic criterion 
for the diagnosis of ventricular aneurysm was a well defined, 
localized and thinned area of abnormal left ventricular con- 
tour present in both diastole and systole.555? Differences of 
interpretation were resolved by consensus. 

Statistical analysis: Student's t test was used to compare 
differences between means of continuous variables between 
two groups. Fisher's exact probability test was used to test 
differences in distribution of discrete variables between two 
different groups. McNemar's test for paired alternatives was 
used to compare differences in discrete variables in the same 
patients. Data are expressed as mean values + 1 standard 
deviation. 


Results 
Indium- 111 Platelet Imaging 


Nine patients had a positive indium-111 platelet 
study (Fig. 1), and one patient, who underwent imaging 
at only 24 hours, had an equivocally positive study. In 
nine patients the region of maximal uptake included the 
cardiac apex. In one patient with a posterior aneurysm, 
the positive area was high posteriorly. In two patients, 
two discrete areas of uptake involving the apex and the 
anterior wall were evident. All 10 patients with a posi- 
tive study were in the subset with previous transmural 
myocardial infarction (Group A). Table I lists infarction 
location, interval from last infarction to platelet study, 
location of embolic events, and platelet imaging and 
echocardiographic findings in all patients with thrombi 


Data on Patients With Thrombus on Platelet Imaging, Echocardiography, Surgery or Autopsy 


Clinical Features 


Diagnosis of Thrombus 


Time From Latest 
Infarct to Imaging Surgery 
Platelet ECG Infarct Platelet Time Echocar- or 
Case Study (mo) Location Emboli Imaging (hours) diography Autopsy 
1 48 AMI, IMI No T 24 ND ND 
2 16 AMI, IMI No + 72 T ND 
3 48 AMI Cerebral T 192 + + 
4 0.5 AMI, IMI No + 24 + ND 
5 3 AMI, IMI No + 72 T ND 
6 72 AMI Cerebral E 24 = + 
7 24 AMI No + 48 15 ND 
8 4 AMI, IMI No T 72 + ND 
9 Unknown AMI Cerebral + 72 + ND 
10 3 AMI, IMI No -a 96 + ND 
11 24 e AMI Limbs, = 120 T ND 
cerebral 
12 bk P AMI No = 72 i ND 
13 96 AMI No is 24 T ND 
14 1 AMI No = 24 E ND 
15 6 AMI No = 48 JT ND 
16 9 AMI No E 48 E ND 
17 2 AMI Limbs - 24 ND T 
AMI — transmural anterior myocardial infarction; E — equivocally positive study for thrombus; ECG — electrocardiographic; IMI — transmural 
nferior infarction; ND = not done; + and — = positive and negative study for thrombus, respectively. 
- e e 
—9 
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72 HR 


FIGURE 2. Change in images over time. On images (anterior view) obtained 2 and 24 hours after indium-111 platelet injection, no-discrete area 
of activity greater than the cardiac blood pool could be distinguished. On later images at 48 hours (not shown) and 72 hours, intense indium- 1 11 
platelet activity at the cardiac apex became apparent while background blood pool activity decreased. The liver is at the lower left and the spleen 


at the lower right of the image. 


detected with platelet imaging, echocardiography, 
surgery or autopsy. 

Of the 10 positive platelet studies, none were positive 
2 hours after platelet injection. Five of 10 were positive 
at 24 hours, and all 10 were positive at 48 hours or 
greater. Over this period, activity in the area of throm- 
bus increased in relation to background blood pool ac- 
tivity (Fig. 2). 

Confirmation of diagnosis: Two patients had car- 
diac surgery and five came to autopsy. Of these seven, 
two patients had a positive or equivocally positive scan 
and had clot identified at operation (Patient 3) or au- 
topsy (Patient 6). Of five patients with a negative scan, 
four had no clot at autopsy, and the fifth (Patient 17) 
had a left ventricular thrombus seen at operation. This 
patient had no imaging later than 24 hours, but at op- 
eration 120 hours after platelet injection, the portion of 
thrombus in contact with the ventricular cavity had a 
thrombus to whole blood radioactivity count ratio of 108 
to 1, whereas the portion of laminated thrombus adja- 
cent to the myocardium had a ratio of 11 to 1. In another 
patient who had a positive scan (Patient 3), clot re- 
moved at operation 188 hours after labeling had a 
thrombus to whole blood count ratio of 11 to 1 in the 
entire 0.7 g clot (Fig. 3). 

Of the 10 patients with a positive platelet scan, 9 had 
confirmation of thrombus at operation (1 patient) or 
autopsy (1 patient) or on echocardiography (9 patients). 
In one patient with a clearly positive platelet image 
(Patient 1) no confirmatory study was performed. 

Of the 34 patients with a negative scan, 27 had no 
evidence of thrombi on autopsy (4 patients) or echo- 
cardiography, or both (26 patients). Seven of the 34 
patients had evidence of thrombus on operation (Pa- 
tient 17, who underwent imaging to only 24 hours) or 
echocardiography (6 patients). Of the six patients with 
a®positive echocardiogram but negative platelet imaging 
(Patients 11 to 16), two underwent imaging only to 24 


hours (Patients 13 and 14) and two had an echocardio- 
gram that was interpreted as eauivocally positive (Pa- 
tients 14 and 16). 


Two Dimensional Echocardiography 


Thirty-five patients had a technically adequate two 
dimensional echocardiogram. Thirteen echocardio- 
grams were read as positive and two as equivocally 
positive for left ventricular thrombus (Fig. 4). In 14 
patients thrombus was located at the ventricular apex 
and in 1 patient within a posterior aneurysm. Com- 
parison of echocardiographic and platelet imaging 
findings in the 35 patients who had both studies is 
shown in Table II. There was disagreement in 6 of the 





FIGURE 3. A surgically removed left ventricular thrombus (width 1.4 
cm) from a patient who had a single anterior wall infarction 4 years 
earlier. Both platelet imaging and echocardiography were positive for 
thrombus. At 188 hours after platelet labeling, the entire 0.7 g clot 
shown here had a thrombus to whole blood count ratio of 11 to 1 cor- 
rected for weight. 
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35 cases (Patients 11 to 16). In these six the echocardi- 
ogram was read as positive in four and equivocally 
positive in two but the platelet imaging findings were 
negative. In all cases, echocardiography and platelet 
imaging were performed on the same day. All patients 
with a positive platelet scan had a positive echocardio- 
gram, and all patients with a negative echocardiogram 
had a negative platelet scan. In all nine cases in which 
thrombus was noted on both platelet imaging and 
echocardiography, there was concurrence as to the lo- 
cation of the thrombus (anteroapical in eight and infe- 
rior in one). However, in the two patients who had two 
discrete areas of platelet uptake on platelet imaging, 
echocardiography identified only a single thrombus. 

Confirmation of diagnosis: Five patients examined 
with echocardiography underwent surgery (one patient) 
or autopsy (four patients). T'wo of the five (Patients 3 
and 6) had proved thrombus and three did not have 
thrombus. In all five there was agreement between 
echocardiographic findings (two positive for thrombus, 
three negative) and pathologic findings. 


Clinical Correlations 


Location of infarction: All 17 patients with 
thrombus on either platelet imaging, echocardiography, 


TABLE Il 


Comparison of Platelet Imaging and Echocardiographic 
Findings in 35 Patients 





FIGURE 4. Apical two dimensional echocardiographic 
image of a left ventricular (LV) thrombus (arrow). There 
is a large discrete apical filling defect that was easily seen 
throughout the cardiac cycle at multiple gain settings and 
from several transducer positions. Platelet imaging was 
also positive in this patient. MV — mitral valve. 


autopsy or surgery had transmural anterior myocardial 
infarction, and 6 had transmural inferior infarction as 
well. Seventeen of 28 patients (61 percent) with 
transmural anterior infarction had thrombus detected 
on platelet imaging, echocardiography, autopsy or 
surgery. No thrombi were noted in patients with either 
isolated inferior infarction (3 patients) or cardiomy- 
opathy (13 patients). The one patient with thrombus 
in an inferior aneurysm had an anterior infarction as 
well. 

In patients with a positive platelet image, the mean 
time from the most recent myocardial infarction to 
imaging was 23 + 27 months (range 0.5 to 72), which was 
not significantly different from that in patients with 
infarction but without thrombi (18 + 29) (range 0.8 to 
96). There was also no significant difference in time 
from infarction in patients with or without thrombus 
on echocardiography. 

Ejection fraction: Forty-one patients had ejection 
fraction determinations on either radionuclide or con- 
trast angiography. There was no significant difference 
in patients with thrombi on platelet imaging (mean 0.30 
+ 0.15) and patients with no thrombi (mean Q.29 + 
0.12). 

Left ventricular aneurysm: Of 38 patients who 
underwent either echocardiography or contrast angi- 
ography, 20 had a left ventricular aneurysm. Nineteen 
aneurysms were anterior or anteroapical and 1 was in- 
ferior. Platelet imaging disclosed thrombus in 9 (45 
percent) of the 20 patients with left ventricular aneu- 
rysm but in none of the 18 patients without aneurysm 
(p <0.01). Echocardiography disclosed thrombus in 12 
(60 percent) of the 20 patients with left ventricular 
aneurysm but in none of the 18 patients without aneu- 
rysm (p «0.01). : r 

Embolic events: Six patients had a history of em- 
bolic events. Patient 17 had an embolus removed from 
the right arm. The other five patients had probable 


Thrombus No Thrombus 
on Echo- on Echo- 
cardiography cardiography 
Thrombus on platelet 9 0 
imaging 
No thrombus on platelet 
imaging 6 20 
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cerebral embolism; four had new neurologic events and 
compatible computed axial tomographic brain scans 
and the fifth had acute cortical blindness 3 weeks after 
a transmural anterior infarction. 

Three of the six patients with embolic events had 
thrombus detected on platelet imaging (Patients 3, 6 
and 9). A fourth patient (Patient 17) with a negative 
image at 24 hours had marked indium-111 platelet de- 
position in a thrombus removed at operation. T'wo other 
patients with probable embolus had a negative platelet 
scan. 

Four of the six patients with a probable embolus had 
thrombus detected on echocardiography as well (Pa- 
tients 3, 6, 9 and 11). One of the six patients did not 
undergo echocardiography (Patient 17). The sixth pa- 
tient had negative findings on both echocardiography 
and platelet imaging. 


Discussion 


This study documents that indium-111 platelet 
imaging and two dimensional echocardiography detect 
intracardiac thrombi. Although these results are en- 
couraging, precise determination of the sensitivity and 
specificity of both techniques awaits a prospective study 
in a larger number of consecutive patients undergoing 
operation or autopsy. 

Age of the thrombus: In this study, the probable age 
of the thrombus (that is, the interval from previous 
myocardial infarction) did not correlate with our ability 
to image it using indium-111-labeled platelets. The 
myocardial infarction that probably led to the thrombus 
was at least 2 months old in all but one patient. This 
finding agrees with the pathologic observation that even 
old thrombi often have a thrombogenic surface. The 
findings in one patient operated on, in whom the layer 
of thrombus adjacent to the blood pool had 10 times the 
activity of the layer adjacent to the myocardium, further 
supports this contention. Thus, because of continuing 
platelet deposition, indium-111 platelet imaging may 
detect intracardiac thrombi that have formed re- 
motely. 

Optimal time for platelet imaging: The optimal 
time for imaging ventricular thrombi was 48 to 72 hours 
after platelet labeling. It is possible that some of our 
initial patients who underwent imaging only to 24 hours 
would have had a positive image if studied at a later 
time. Of the 19 patients whose latest image was at 24 
hours, 3 had a positive and 16 had a negative image. Of 
the 16 patients with a negative image, 12 had no 
thrombus on echocardiography, 1 had an equivocal 
thrombus on echocardiography, 1 had a thrombus at 
operation, and 2 underwent neither echocardiography 
nor surgery. We currently perform imaging in all pa- 
tients to at least 72 hours. 

Myocardial infarction and aneurysm: Our findings 
are in agreement with earlier studies indicating that risk 
factors for the development of ventricular thrombus 
include anterior infarction,? aneurysm forma- 
1on7.142133 and transmural infarction.!?» All patients 
with evidence of thrombus on either platelet imaging 
or echocardiography had previous transmural anterior 
infarction and associated aneurysm. 
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Cardiomyopathy: None of the 13 patients in the 
group with cardiomyopathy had evidence of ventricular 
thrombus on platelet imaging or echocardiography, and 
none had a history of embolic events. In contrast, in the 
series of Segal et al.,?? 35 percent (17 of 48) of patients 
who died with idiopathic cardiomyopathy had cardiac 
mural thrombi at autopsy, and 10 of these patients had 
systemic or pulmonary emboli. The difference in our: 
series may reflect selection criteria. The incidence of 
mural thrombus in living patients with cardiomyopathy 
is unknown. 

Prediction of thromboembolism: There are cur- 
rently no proved diagnostic techniques that predict risk 
of embolization from intracardiac thrombi. Left ven- 
tricular contrast angiography!*!7.1? detects only 22 to 
50 percent of ventricular thrombi, and in one large series 
specificity was 75 percent.!? Two dimensional echo- 
cardiography typically visualizes the apex well. Because 
most ventricular thrombi occur in this region, this 
technique will have obvious importance. To date, lim- ` 
ited pathologic confirmation has been available. In one : 
series with such confirmation,?? the sensitivity of 
echocardiography for thrombus detection was 50 per- 
cent and the specificity 100 percent. In the largest 
echocardiographic series of ventricular thrombi with 
pathologic confirmation,?6 there was a 23 percent false 
positive rate in the 13 patients coming to operation or 
autopsy. 

Echocardiography versus platelet imaging: 
Several factors may account for the discordant findings 
in the six patients with thrombus on echocardiography 
but not on platelet imaging. None of these six patients 
had a diagnosis established by cardiac surgeyy or at 
autopsy, and some platelet studies may have been 
falsely negative because of inadequate duration of 
imaging, particularly in the two patients with a positive 
echocardiogram who underwent imaging to only 24 
hours. Conversely, some echocardiograms may have 
been falsely positive, particularly the two studies that 
were interpreted as equivocally positive. ‘These were the 
only equivocally positive echocardiograms in the study; 
in both cases the results of platelet imaging were nega- 
tive. Moreover, some thrombus detected by echocar- 
diography but not by platelet imaging may represent 
old thrombus without current surface activity. Also, 
some of the echocardiographically determined ven- 
tricular masses may represent nonthrombotic ventric- 
ular masses or artifacts. 

Echocardiography provides anatomic information; 
although it is useful in identifying thrombus, its po- 
tential for assessing thrombus activity is uncertain. 
Platelet imaging, in contrast, reflects active thrombus 
formation in vivo and thus has the potential for im- 
proved understanding of the natural history and ther- 
apy of ventricular thrombi. à 
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Thirty-four platelet imaging studies were performed in 23 patients to de- 
termine whether platelet deposition could be detected in patients with 
vascular aneurysms (18 patients) or in patients in whom Dacron prosthetic 
grafts had been placed (5 patients). In patients in whom abnormal platelet 
deposition was detected, the effect of administration of platelet-active 
drugs on platelet deposition was examined. 

Of the 18 patients with an aneurysm, 12 had positive studies on initial 
imaging and 2 had equivocally positive images. Of five patients with Da- 
cron arterial grafts in place, four had diffuse platelet deposition in the 
grafts; the fifth patient had platelet deposition only in a pseudoaneurysm. 
Eight patients with an abdominal aneurysm and positive or equivocally 
positive baseline images were restudied during platelet-active drug 
therapy either with aspirin plus dipyridamole (seven patients) or with 
sulfinpyrazone (four patients). No patient studied during treatment with 
aspirin plus dipyridamole had detectably decreased platelet deposition 
compared with baseline determinations. In contrast, two of four patients 
studied while receiving sulfinpyrazone showed decreased platelet de- 
position. Thus, platelet imaging may be of value for studying platelet 
physiology in vivo and for assessing platelet-active drugs and the 
thrombogenicity of prosthetic graft materials in human beings. 


Platelets have an important role in both the genesis of atherosclerosis 
and its thromboembolic complications. The evaluation of platelet 
function in human beings has primarily utilized in vitro measures of 
platelet activity such as platelet adhesion or platelet aggregation. 
Measurement of platelet survival has been useful, but it fails to anato- 
mically localize abnormal platelet deposition. The extent to which these 
tests accurately reflect in vivo platelet function is uncertain. Clinical 
trials of platelet-active drugs reporting beneficial effects in patients with 
transient ischemic attacks, .? prosthetic heart valves,?-? vascular 
shunts®’ or after myocardial infarction??? did not utilize tests of platelet 
function. 

Indium-111-oxine platelet labeling, originally described by Thakur 
et al.,!° has identified experimentally induced venous and arterial 
thrombi in a variety of animals!9-16 and venous and arterial thrombi in 
a limited number of human beings.!7-?? Platelet labeling appears to 
enable external localization and objective estimation of abnormal platelet 
deposition in man by imaging with a standard gamma scintillation 
camera. In addition to providing more specific insights into the patho- 
genetic role of platelets in human disease, platelet imaging may be useful 
in assessing the mechanisms and effectiveness of drugs that modify 
platelet behavior in human beings, as demonstrated in canine mod- 
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els.!?:?! Similarly, platelet labeling may be valuable in 
assessing prosthetic graft thrombogenicity in human 
beings, as proposed in one animal study.?! 'The purpose 
of our study was to determine in human beings (1) the 
feasibility of detecting platelet deposition in abdominal 
aneurysms or pseudoaneurysms, (2) whether platelet 
imaging might detect drug-induced changes.in platelet 
deposition, and (3) whether platelet imaging can detect 
deposition in prosthetic graft materials in man. 


Methods 


Study patients: Twenty-three men aged 54 to 83 years were 
studied. Seventeen patients had an abdominal aortic aneu- 
rysm that had not been operated on and 1 patient had bilateral 
femoral aneurysms as defined by ultrasound or angiography. 
Five patients had Dacron? arterial grafts; two of these patients 
also had pseudoaneurysms at vascular graft anastamotic sites. 
In four patients, the grafts had been in place for 1 week, 3 
weeks, 15 months and 5 years, respectively. The fifth patient 
had in three sites grafts that had been in place for 1 week, 1 
year and 6 years, respectively. All patients with an aneurysm 
were either awaiting surgery or were not operative candidates 
because of small aneurysm size or medical contraindica- 
tions. 

Eleven of the 23 patients were studied only while no 
platelet-active medications were administered. Four patients 
were studied only while taking platelet-active medications; 
two of these patients (Cases 13 and 16) were receiving aspirin 
alone and two (Cases 12 and 20) aspirin and dipyridamole. 
Eight patients with an aneurysm (seven aortic, one femoral) 
had an initially positive or equivocally positive study, and 
serial studies were performed both without medication and 
during 10 to 14 days of treatment with sulfinpyrazone (200 mg 
four times daily) (four patients) or aspirin (325 mg three times 
daily) plus dipyridamole (75 mg three times daily) (seven 
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patients). Medications were continued throughout the qura- 
tion of the study, and all patients received drug therapy for 
at least 7 days before repeat platelet labeling. The drug dos- 
ages were chosen on the basis of previous animal and human 
studies. 722-24 

The clinical characteristics, medications and studies 
performed are shown in Tables I and II. A total of 34 studies 
were performed. This study was approved by the University 
of Washington Human Subjects Research Committee. All 
patients gave informed consent. 

Platelet labeling and imaging: Autologous platelet la- 
beling was performed using a closed bag modification of the 
technique of Thakur et al.!? and commercially available in- 
dium-111-oxine (Diagnostic Isotopes, Bloomfield, New Jer- 
sey), a lipid-soluble compound that effectively binds to iso- 
lated platelets. One hundred ml of whole blood was collected 
into a plastic plasma pack (Fenwal Laboratories, Morton 
Grove, Illinois) containing 20 ml of acid citrate dextrose 
anticoagulant. After centrifugation at 200 g for 10 minutes, 
the supernatant platelet-rich plasma was transferred to a 
second bag by a plasma extractor and the pH adjusted to 6.5 
with 0.15 M citric acid. A platelet pellet was formed by cen- 
trifugation at 2,000 g for 20 minutes; the supernatant plate- 
let-poor plasma was removed. After the pellet and bag were 
washed with Ringer's citrate dextrose to remove any re- 
maining plasma, the platelet pellet was resuspended in 1 to 
2 ml of this solution. The platelets were incubated for 20 
minutes with 1 mCi of indium-111-oxine. After 30 ml of 
Ringer's citrate dextrose was added, a platelet pellet was re- 
formed by centrifuging at 2,000 g for 15 to 20 minutes. The 
platelet-poor supernatant was decanted and the platelet pellet 
and bag rinsed with Ringer's citrate dextrose. The labeled 
platelets were then resuspended in 5 ml of nonradioactive 
autologous platelet-poor plasma. A final slow centrifugation 
at 200 g for 5 minutes was carried out to remeve any con- 
taminating red or white cells. One hundred wliter Nas saved 


Platelet Imaging Results and Drug Effects in 18 Patients With Abdominal Aortic Aneurysm 





Aspirin Plus Sulfinpyrazone 
Baseline Study (n = 18) Dipyridamole (n — 7) (n = 4) 
Type of Platelet Platelet Platelet Platelet 
Case Aneurysm Medications Deposition Deposition Deposition 
1 AAA None + Unchanged Decreased 
2 AAA None E Unchanged Unchanged 
3 AAA None E Unchanged Unchanged 
4 AAA None + ND Decreased 
5 AAA None t Unchanged ND 
6 AAA None t Unchanged ND 
7 Bilateral None T Unchanged ND 
femoral 

8 AAA None T Unchanged ND 

9 AAA None =e i E 

10 AAA None n i 

11 AAA None = à 

12 AAA ASA &D a PN 

13 AAA ASA - "P 

14 AAA None + à . 

15 AAA None - 

16 AAA ASA T 

17 AAA None * 

18 AAA None 

(00 Tt UL ML er ES SEEN YEPESTIGPOMEEESSSO.. ee ee ee ee ee Doe, Su 
AAA = abdominal aortic aneurysm; ASA = aspirin; ASA & D = aspirin plus dipyridamole; E = equivocally positive study; ND = not done; t 
— positive study; — — negative study. 
UN. 
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TABLE II 


Platelet Imaging Results in Five Patients With Dacron 


Arterial Grafts 
Co LIRE cuc CANTUS PCR 


Platelet Type of Age of Platelet 
Case Medications Graft Graft Deposition 
19 None Aortic 1 wk * 
20 ASA&D  (1)Femoral 1 wk 3 
(2) Cross pubic 1 yr + 
(3) A-BF 6 yr + 
21 None A-BF 3 wk T 
22 None A-BF 15 mo t Graft, + 
pseudo- 
aneurysm 
23 None A-BF 5 yr — Graft, + 
pseudo- 
aneurysm 


I ———————— a Es iS 
ASA & D = aspirin plus dipyridamole; A-BF = aortobifemoral arterial 
Dacron graft; + = positive study; — = negative study. 


as a standard. Labeled platelets were then counted in a dose 
‘calibrator and injected intravenously into the patient and the 
volume recorded. The labeling efficiency was 38 + 13 percent 
(mean + standard deviation) (range 22 to 77) and the mean 
dose injected was 362 + 140 uCi (range 120 to 756). No patient 
had more than three studies or more than a total of 1 mCi of 
indium-111. 

Imaging was performed using a Sigma 410 Ohio Nuclear 
gamma scintillation camera and a medium energy parallel hole 
collimator (model 28WO8610). Both gamma photon peaks 
(173 and 247 keV) of indium-111 activity were collected with 
25 percent energy windows. Images were recorded on trilens 
Polaroid® film and on a computer disk system in histogram 
mode in a 128 by 128 matrix. Anterior views centered about 
the aneurysm or graft and excluding the liver and spleen were 
obtaine@for a total of 300,000 counts/view, typically 2, 24 and 
48 hours after platelet injection. In the 34 studies performed, 
the latest imaging time was at 2 hours in 1 study, 24 hours in 
8 studies, 48 hours in 18 studies and 72 hours or greater in 7 
studies. | 

Analysis of data: Images were interpreted by two observers 
who were unaware of clinical information on the presence or 





3 HR 





24 HR 


absence and location of focal accumulation of radioactivity. 
Images were defined as positive for abnormal platelet depo- 
sition if there was a discrete area of activity clearly greater 
than background blood pool. The area of abnormal activity 
was required to increase over time in relation to a remote 
background blood pool, such as the femoral arteries. Normal 
blood pool platelet activity should decrease as a function of 
indium-111 decay and platelet senescence, whereas activity 
due to abnormal platelet deposition may relatively increase 
as more platelets are deposited. Studies were graded as posi- 
tive, equivocally positive or negative. There was observer 
agreement in 30 of 34 studies; in the remaining 4 studies a 
consensus was agreed on. 


Results 


Initial studies: On initial imaging 17 of the 23 pa- 
tients had a positive study and 2 patients with an aortic 
aneurysm (Cases 2 and 3) had an equivocally positive 
study (Tables I and II). Thirteen of the 17 patients with 
an abdominal aortic aneurysm had a positive (Fig. 1) or 
equivocally positive study. The one patient (Case 7) 
with bilateral femoral aneurysms had a positive study 
for both aneurysms. All five patients with prosthetic 
grafts had a positive study. All studies were positive only 
in the area of the aneurysm, pseudoaneurysm or 
graft. 

With images obtained 2 or 24 hours after platelet 
injection, it was often difficult to distinguish active 
platelet deposition from increased blood pool activity 
in a large aneurysm. However, with serial imaging, ac- 
tivity in the area of abnormal platelet deposition in- 
creased in relation to the noninvolved background blood 
pool (Fig. 1). 

In one case (Case 18), thrombus removed at opera- 
tion was divided into an inner section contiguous with 
the bloodstream and an outer section in contact with the 
vessel wall. The inner section had 3.4 times more in- 
dium-111 activity per gram than the outer portion. On 
electron microscopy platelets were present in only the 
inner half (Fig. 2). In a second surgical specimen (Case 





96 HR 


FIGURE 1. Case 18. Sequential anterior views of a patient with a 6 cm abdominal aortic aneurysm containing a thrombus at surgery. In each imag 
the liver edge is at the upper left, the spleen at the upper right and the aortic bifurcation in the lower mid section. Over time, platelet deposition 
in the aneurysm increases in relation to background blood pool in the iliac and femoral arteries. 
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FIGURE 2. Case 18. The inner portion of laminated thrombus in direct contact with the bloodstream (left) had platelet granules on electron 
microscopy and a count per gram ratio of 3.4 to 1 compared with the outer portion of thrombus (right) in contact with the vessel wall, which did 
not have platelets on electron microscopy. (Magnification X 1,000, reduced by 15 percent.) 


17) the inner section of thrombus had 6.0 times more 
indium-111 activity per gram than the outer section of 
thrombus. Also, the active portion of thrombus in this 
specimen had 25 times the activity of an adjacent sec- 
tion of arterial wall. 

All four patients (Cases 9, 11, 13 and 15) with a 
negative study had an abdominal aortic aneurysm; in 
three the aneurysm was relatively small (3.0, 3.5 and 5.0 
cm, respectively), but in the fourth it was 6.5 cm. The 
latest imaging time in these four patients with a nega- 
tive study was 24 hours in one and 48 hours in three. Of 
the four patients studied only while they were taking 
platelet-active medications, three had a positive image. 
'These three patients were taking either aspirin (650 
mg/day) (Case 16) or aspirin (325 mg three times daily) 
plus dipyridamole (75 mg three times daily) (Cases 12 
and 20). The negative study was in a patient (Case 13) 
with 4 5 cm aortic aneurysm who was taking 650 mg of 
aspirin daily. 

Serial drug studies: Eight patients with an ab- 
dominal aortic aneurysm (seven patients) or bilateral 
femoral aneurysms (one patient) had serial studies with 
and without treatment with platelet-active medications. 
All had a positive (six patients) or equivocally positive 
(two patients) baseline study while taking no platelet- 
active drugs (Table I). 

Seven patients were restudied after 7 to 10 days of 
taking aspirin (325 mg three times daily) plus dipy- 
rklamole (75 mg three times daily) (Fig. 3). No patient 
had decreased platelet deposition compared with that 
in the baseline study. During therapy with sulfinpyra- 


ive, 


zone, two of four patients had evidence of decreased 
platelet deposition (Fig. 4). 

Graft studies: Five patients with Dacron arterial 
grafts in place were studied (Table II). Four Satients 
had increased, diffuse platelet deposition in the area of 
the graft; one patient (Case 23) with a 5 year old aorto- 
bifemoral arterial graft had no abnormal deposition in 
the graft, although there was intense deposition in a 
pseudoaneurysm located at the distal anastomosis be- 
tween the graft and the native artery. One patient (Case 
22) studied 15 months after placement of an aortobi- 
femoral arterial graft had diffuse uptake in the graft as 
well as uptake in a pseudoaneurysm (Fig. 5). T'wo pa- 
tients (Cases 19 and 21) studied 1 week and 3 weeks, 
respectively, after placement of Dacron aortobifemoral 
grafts had diffuse graft uptake. Another patient (Case 
20) with three Dacron grafts that had been in place for 
1 week, 1 year and 6 years, respectively, had platelet 
deposition in all three grafts. 


Discussion 


Abdominal aortic aneurysm: This study further 
demonstrates the efficacy of platelet imaging for iden- 
tifying platelet deposition in human beings. We suc- 
cessfully identified thrombi in chronio abdominal aortic 
aneurysms as small as 3.5 cm and in a 3.0 cm femoral 
aneurysm. 

There are several possible reasons for the negative | 
findings on imaging in four patients with an abdominal 
aortic aneurysm, including the possibility of no 
thrombus within the aneurysm. However, on pathologic | 
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FIGURE 3. Case 6. Forty-eight hour images. Left, at baseline, there was marked platelet deposition in this abdominal aortic aneurysm. Right, after 


1 week of aspirin plus dipyridamole (Persantine®), there was no change. 


examination nearly all such aneurysms have associated 
thrombi.?? No pathologic confirmation was available in 
any of the four patients with negative studies. Three 
patients with a negative image had a small aneurysm 
(3.0, 3.5 and 5.0 cm, respectively), which may have had 
thrombi too small to be detected by platelet imaging. 
The fourth patient had a 6.5 cm aneurysm, which in- 
dicates that platelet deposition may not be detected by 
this technique even in some large aneurysms. The fail- 
ure to obtain images 48 or more hours after labeling may 
also have interfered with thrombus detection in some 
patients. In subsequent studies of thrombi at other sites, 
we havé noted that some images are not clearly positive 
until 72 hours after platelet injection. One of the four 
patients with a negative study had no imaging after 24 
hours; the other three had no imaging after 48 hours. 
Our patients currently undergo imaging to at least 72 
hours. 

Another possible reason for the negative studies is 
faulty platelet labeling technique. However, in patients 





with negative studies, the mean labeling efficiency rate 
(37 percent) and the mean dose of indium-111 injected 
(332 aCi) was not significantly lower than in patients 
with positive studies. For all studies, our labeling effi- 
ciency rate of 38 percent is lower than that generally 
reported.!°-!4 This lower rate presumably reflects the 
variable success in separating all plasma from the 
platelet pellet within the interstices of the plastic bag. 
However, this closed bag system has the advantage of 
effectively eliminating the possibility of airborne con- 
tamination. 

Another potential explanation for the negative 
studies is that chronic thrombi may not be sufficiently 
active for detection by this technique. Two animal 
studies have shown that experimentally induced 
thrombi can be imaged only if labeled platelets are given 
within 24 hours of thrombus induction.!?:6 However, 
our finding of positive studies in patients with chronic 
aneurysms or grafts and presumed chronic thrombi 
suggests that the surfaces of most old thrombi are con- 


FIGURE 4. Case 4. Twenty-four hour images. Left, baseline. Right, after 1 week of sulfinpyrazone therapy, platelet deposition in this abdominal 


aortic aneurysm decreased. 
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tinually undergoing revision with ongoing platelet de- 
position. The finding in pathologic specimens of 3.4 and 
6.0 times greater indium-111 activity in the portion of 
thrombus in contact with blood than in the portion in 
contact with the vessel wall further supports this hy- 
pothesis. 

Although most arterial emboli arise from the heart,?6 
atheromatous plaques or thrombi within large vessel 
aneurysms may embolize.?9-?? Platelet imaging may be 
of potential value in determining the source of emboli 
in patients when there is no readily definable embolic 
source. However, none of the patients in our study had 
a history of clinically detected embolic events. 

Effect of platelet-active drugs: In general, 
thrombogenesis has been shown to be largely platelet- 
dependent under arterial high shear conditions and fi- 
brin-dependent with low shear venous flow.?3:24,33,94 
Studies of platelet and fibrinogen kinetics have indi- 
cated that thrombus formation in aortic aneurysms is 
a process that involves both platelets and fibrin, which 
is at least in part interrupted by heparin anticoagula- 
tion.?»96 Thrombin-dependent thrombotic processes 
have usually not been affected by the available agents 
that modify platelet behavior.?7:38 

In human beings, alteration of platelet deposition by 
drugs has not been reported. In this small series, sul- 
finpyrazone appeared to result in decreased platelet 
deposition in two of four patients receiving this agent, 
whereas the combination of aspirin and dipyridamole 
had no detectable effect. In vitro, sulfinpyrazone 
minimally inhibits platelet prostaglandin synthesis.?? 
In vivo, sulfinpyrazone normalizes shortened platelet 
survival in some patients, *94! perhaps by protecting the 
endothelium against damage that would activate 
platelets.?? In clinical trials sulfinpyrazone has been 
shown to decrease sudden cardiac death in the 6 months 
after myocardial infarction? and to decrease the inci- 
dence of vascular shunt thrombi.’ The small number of 
observations in patients treated with sulfinpyrazone in 
this study and the need for additional data regarding 
reproducibility qualify our observations as provi- 
sional. 

Aspirin or aspirin plus dipyridamole did not prevent 
platelet deposition in three of four patients studied only 
while receiving these drugs, and in one reported case of 
a patient with bilateral ulcerated carotid plaques taking 
aspirin and dipyridamole.!’ Presumably, these findings 
are related to the fact that much of the platelet accu- 
mulation is thrombin-dependent and therefore at least 
partly independent of most drugs that affect platelet 
function. Also, none of the seven patients who had serial 
studies while taking no drugs and then during aspirin 
and dipyridamole therapy had decreased platelet de- 
position while taking these drugs. This finding contrasts 
with two studies in dogs. In one study!? using aspirin 
and dipyridamole in doses similar to ours, significantly 
less indium-111 platelet deposition was found in sa- 
phenous vein bypass trafts of drug-treated dogs. In a 
second dog study 25 percent less indium-111 platelet 
activity was found, in polytetrafluoroethylene (Gore- 
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FIGURE 5. Case 22. Forty-eight hour image. Diffuse platelet deposition 
is present throughout this 15 month old Dacron aortobifemoral arterial 
graft. The more intense activity in the lower left part of the image in- 
dicates a pseudoaneurysm. 


Tex9) femoral arterial implants in dogs treated with 
dipyridamole.?! Although the differences in results may 
represent a species difference, it seems more likely that 
they reflect the insensitivity of indium-111 platelet la- 
beling in detecting minor changes in platelet deposition 
in vivo. 


.Prosthetic Arterial Grafts 


Arterial grafts continue to be thrombogenic in spite 
of technical improvements.4?-46 The use of prosthetic 
grafts is currently limited to large and medium-sized 
arteries because small grafts regularly become occluded. 
Platelets have a predominant role in the development 
of thrombotic complications of arterial grafts as shown 
both by direct visualization of prosthetic luminal sur- 
faces in baboons and by the demonstration of platelet 
destruction without fibrinogen destruction in human 
subjects.*° In addition to thrombotic complications, 
platelet adherence may predispose to distal emboliza- 
tion. DelCampo and co-workers*® demonstrated in dogs 
that prosthetic grafts placed proximal to the renal ar- 
teries produced renal infarction in 20 percent of the 
animals studied. Our observation that significant 
platelet accumulation occurs in prosthetic grafts raises 
the possibility that distal embolization may occur from 
these grafts and contribute to distal vessel occlusion and 
graft failure. 

Platelet accumulation on Dacron grafts may change 
over time. 'The only patient with no ongoing graft 
platelet deposition had a 5 year old graft. Graft en- 
dothelialization or neointimal formation may prevent 
platelet deposition over, time. In one study, platelet 
survival normalized spontaneously during 9 months 
after Dacron arterial grafting in human beings and 
during 6 weeks in baboons.^ In baboons, normalization 
of platelet survival correlated directly with endothelial 
cell coverage of the graft luminal surface, which implies 
that endothelialization of the graft surface may also 
occur in human beings. However, our finding of platelet 
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deposition in two grafts over 1 year old indicates that 
ongoing deposition persists in at least some grafts, 
implying a lack of endothelialization. This finding 
concurs with histologic studies of grafts removed from 
human beings, in which incomplete endothelialization 
is usually seen.*?4745 Platelet imaging holds obvious 
promise in defining the thrombogenicity of prosthetic 
graft materials. Because patients with prosthetic grafts 
have predominant platelet activation rather than fi- 
brinogen activation,* the study of prosthetic grafts may 
also serve as a useful clinical model to test platelet- 
active drugs. 

Implications: The results of this study demonstrate 
the efficacy of platelet imaging for detecting thrombi 
in patients with abdominal aneurysm, pseudoaneurysm 
or prosthetic arterial grafts. Additionally, platelet 


imaging may be capable of assessing changes in platelet 
deposition due to platelet-active medications and may 
be of potential clinical benefit in assessing in vivo 
thrombogenicity of prosthetic graft materials. At 
present, no conclusions can be reached as to the po- 
tential clinical significance of these findings in the in- 
dividual patient because it is unknown whether platelet 
deposition predicts either subsequent embolic events 
or graft malfunction. However, indium-111-oxine 
platelet imaging does have several potential advantages 
for the study of platelet physiology in human beings. It 
is noninvasive, unlike contrast angiography; it is 
organ-specific, in contrast to tests of platelet function 
or survival; and it reflects thrombus activity, that is, the 
extent of active platelet deposition, in contrast to ana- 
tomic techniques such as ultrasonography. 
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To assess the ability of biplane cineangiography in the diagnostic evalu- 
ation of acute dissection of the aorta, 20 patients with acute dissection 
were studied within 24 hours of surgery or autopsy, or both. Biplane large 
film aortic angiography was performed in 11 patients (Group I) and biplane 
aortic cineangiography in 9 (Group II). The morphology of the aortic valve 
was defined precisely in 5 (50 percent) of 10 patients in Group | and in 
all 9 patients (100 percent) in Group Il (p <0.02). Aortic regurgitation was 
diagnosed in all patients in both groups in whom it was present (p — not 
significant). Intimal tears were localized in 5 (50 percent) of 10 patients 
in Group I and in 8 (89 percent) of 9 in Group II (p «0.07 ). Intimal flaps 
were not identified angiographically in three patients in Group | and were 
identified in four patients (100 percent) in Group Il (p <0.01). The pres- 
ence of retrograde dissection was established in three (38 percent) of 
eight patients in Group I and in four (100 percent) of four patients in Group 
Il (p <0.05). There was no difference in the ability to identify a nonclotted 
false lumen between cine and large film angiography. It is concluded that 
in addition to improved diagnostic capabilities, technical advantages make 
cineangiography a good alternative to large film angiography in the di- 
agnostic evaluation of patients with acute dissection of the aorta. 


Aortic dissection has been recognized with increased frequency in recent 
years, and improvements in surgical techniques have dramatically 
changed the previously dismal outlook for patients with this condition.!-4 
Concomitantly, aortic angiography has become very important in making 
an accurate diagnosis and defining associated abnormalities. Biplane 
large roll series angiography has been employed with overall good re- 
sults,?-? but it has inherent technical disadvantages and does not display 
the dynamic aspects of cardiovascular events well. Improvements in 
cineangiographic equipment and techniques prompted us to assess and 
compare the merits of biplane cine and large film aortic angiography in 
the diagnostic evaluation of patients with acute dissection of the 
aorta. 


Methods i 


Study patients: We reviewed the clinical records of 35 patients with acute 
aortic dissection evaluated at our institution between January 1977 and February 
1979. Twenty patients with complete surgical or pathologic descriptions who 
had undergone angiography in our hospital within 24 hours of surgery or autopsy, 
or both, represent the study population. Fifteen patients were excluded; 3 had 
had angiographic studies performed at another institution, and 12 did not un- 
dergo angiography before emergency surgery was performed or death oc- 
curred. 

Angiographic groups: The 20 patients included in this study were classified 
into two groups according to the angiographic technique used in the diagnostic 
evaluation of the dissection. The classification of DeBakey and Beall? was em- 
ployed to describe the location and extent of the diss&ction: a type I dissectfon 
involved the ascending and descending aorta; a type II dissection was confined 
to the ascending aorta and a type III dissection was limjted to the descending 


aorta. 
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Group I was composed of 11 patients who underwent bi- 
plane large roll film series angiography at six frames/s using 
an Elema Schonander 14 inch (35.5 cm) changer. The mean 
age was 52 years (range 33 to 64); eight patients were male and 
three female. Seven patients had type I, three type II and one 
type III dissection. The initial angiographic projections were 
frontal and lateral in all patients in this group. 

Group II was composed of nine patients whose angio- 
graphic studies were performed using 35 mm cine (30 
frames/s) with a 9 inch (22.9 cm) image intensifier mode 
(Philips). Camera panning to visualize the entire length of the 
aorta and videotape recording were performed under direct 
vision during cineangiography in all patients in this group. The 
mean age was 55 years (range 45 to 72); seven patients were 
male and two female. Four patients had type I, three type II 
and two type III dissection. The standard initial angiographic 
views in this group were left anterior oblique or right anterior 
oblique and simultaneous left lateral. 

Cardiac catheterization: Retrograde arterial catheter- 
ization was performed using the percutaneous femoral ap- 
proach in 10 patients in Group I and 8 patients in Group II. 
In one patient in each group a brachial arteriotomy was per- 
formed because femoral pulses were absent. No patient re- 
ceived heparin during the procedure. Angiography was ac- 
complished with injection of 40 to 70 ml of meglumine dia- 
trizoate (Renografin-769, Squibb Laboratories) into the as- 
cending aorta using a power injector directly connected to an 
8 pigtail catheter (Cook Laboratories, California). In patients 
in whom contrast material was injected into the false lumen, 
adequacy of flow had been established by a test hand injec- 
tion. 

Analysis of angiographic findings: Each angiographic 
study was reviewed without previous knowledge of the ana- 
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tomic findings at surgery or autopsy. The analysis of the an- 
giograms included specific evaluation of the following: (1) 
Morphology of the aortic valve (tricuspid or bicuspid), es- 
tablished by careful analysis of the valve motion and identi- 
fication of the number of leaflets and sinuses present. (2) 
Competence of the aortic valve (presence or absence of aortic 
regurgitation). (3) Presence and location of intimal tears, 
determined by identifying the site where the true and false 
lumens communicated. (4) Presence and location of an intimal 
flap, identified as a radiolucent linear structure changing in 
position during the cardiac cycle. (5) Presence and extent of 
retrograde dissection. (6) Presence of a nonclotted false 
lumen. 

The chi-square test was used to assess the significance of 
the differences between the two groups. 


Results 


Aortic valve morphology: Anatomic information 
regarding the morphology of the aortic valve (tricuspid 
or bicuspid) was available in 10 patients in Group I and 
9 patients in Group II. It was precisely defined in only 
five patients (50 percent) in Group I (all with a tricuspid 
aortic valve) but in all nine patients (100 percent) in 
Group II (one with a biscuspid and eight with a tricuspid 
valve) (p <0.02). 

Aortic regurgitation was confirmed at surgery by the 
presence of a diastolic thrill in the left ventricular out- 
flow tract in 9 of the 11 patients in Group I and in all 9 
patients in Group II (Fig. 1). Angiographic diagnosis was 
made in all instances in both groups (p = not significant 
[NS]). 


FIGURE 1. Frontal view of aortic root cineangiogram in a patient with a type II dissection involving the ascending aorta. Contrast material has been 
injegted into the true lumen. A, early phase shows deformation of the aortic root and right and noncoronary sinuses of Valsalva with mild aortic 
regurgitation (arrowhead). The true (TL) and false (FL) lumen communication is located immediately before the origin of the innominate artery (arrows). 
Early retrograde opacification of the false lumen is seen. B, at a later stage the opacification of the false lumen is almost complete down to the 
level of the aortic valve. The lucent line represents an intimal flap (arrowheads). C, late filming shows opacification of the right atrium (RA) from 
the false lumen through a large communication (arrow) which was later confirmed at surgery. LV — left ventricle. "rt y 
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FIGURE 2. Aortic cineangiogram in a patient with type | aortic dissection. The contrast material was injected in the true lumen. A, thoracic aortogram 
in the left anterior oblique view, early phase. The true lumen (TL) but not the false lumen is opacified at this stage of filming. The left carotid (Ic) 
artery shows deformity and reduction of its lumen as a result of dissection (white arrow). B, later stage of filming shows retrograde opacification 
of the false lumen (FL) in the ascending aorta through a communication located in the vicinity of the origin of the neck vessels. An intimal flap (ar- 


rowheads) is clearly seen as a radiolucent line. 


Intimal tear: An intimal tear was present in 10 of the 
11 patients in Group I but was precisely located in only 
5 (50 percent). In contrast, it was correctly identified in 
eight (89 percent) of nine patients in Group II (p «0.07) 
(Fig. Y). An intimal flap in the aortic lumen was found 
in three patients in Group I, but in no instance was the 
angiographic diagnosis certain. In contrast, in Group II 
an intimal flap was found in four patients, and in all four 
the diagnosis had been made at angiography (p «0.01) 
(Fig. 1 and 2). 

Retrograde dissection: Retrograde dissection of 
variable degree was present in eight patients in Group 
I but diagnosed angiographically only in three (38 per- 
cent); in Group II it was present in four patients and 
diagnosed angiographically in all four (p «0.05) (Fig. 1, 
2 and 3). One patient in each group had an intimal tear 
located in the descending thoracic aorta with retrograde 
dissection extending into the ascending aorta; however, 
the full extent of retrograde dissection was established 
only in the patient in Group II who had been studied 
with biplane cineangiography. The extension of the 
distal dissection varied in different patients from the 
upper abdominal aorta to the aortic bifurcation. 

False lumen: A nonclotted false lumen was found in 
10 patients in Group I and identified at angiography in 
6 (60 percent). In Group II it was found in nine patients 
and diagnosed angiographically in seven (78 percent) 
(p = NS). 


Discussion 


In this series of patients with acute dissection of the 
aorta, aortic cineangiography was as accurate as large 
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film aortic angiography in establishing the presence of 
aortic regurgitation and identifying a nonclotted false 
lumen. It was clearly superior in defining the mor- 
phology of the aortic valve, identifying an intimal flap 
and delineating the presence and extent of retrograde 
dissection. Although tears were more frequently diag- 
nosed with cine technique, this difference was only of 
borderline significance (p <0.07). The diagnostic ac- 
curacy of large film angiography in this study was in 
agreement with findings in previous reports?? using 
similar techniques, suggesting that the favorable results 
obtained with cineangiography probably represent a 
real advantage of this technique. 

Defining the anatomy of the aortic valve: The 
superiority of cineangiography over large film aortic 
angiography in defining the anatomy of the aortic valve 
was probably the result of improved radiographic res- 
olution, better appreciation of the motion of the valve 
leaflets and their relation to the aortic sinuses 4nd the 
angiographic projections employed. Right anterior 
oblique, and particularly left anterior oblique, views 
provide more information regarding the aortic valve and 
adjacent structures? and these were routinely employed 
with cineangiography. An association between aortic 
dissection and bicuspid aortic valve has been estab- 
lished,!? and our findings suggest that cineangiography 
is the angiographic technique of choice to establish this 
association. 

The high prevalence rate of aortic regurgitation and 
dissection involving the ascending aorta in our patiegts 
is probably related to the design of the study, which 
required anatomic confirmation of the angiographic 
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' findings, and might have excluded patients with un- 


complicated dissection of the descending aorta, because 
the majority of patients with the latter condition are 
initially treated with medical therapy only.?:! 

Detection of intimal flap: An intimal flap is one of 
the diagnostic features of aortic dissection, and cine- 
angiography was clearly superior to large film angiog- 
raphy in its detection. The identification of an intimal 
flap strengthens the diagnosis of aortic dissection and 
on occasion is the only distinctive diagnostic feature, 
particularly when the opacification of the false and true 
lumens is similar and simultaneous.!” In one patient in 
our series the diagnosis of aortic dissection could not be 
established with certainty after large film angiography, 
but it was readily made when cineangiography clearly 
showed the presence of a free floating intimal flap. 

Identification of retrograde dissection into as- 
cending aorta: Aortic dissection with an intimal tear 
in the descending aorta and retrograde extension into 
the ascending aorta has been associated with poor 
prognosis and increased mortality if not treated surgi- 
cally.1?-15 Its prompt recognition is extremely important 
because uncomplicated dissection of the descending 
aorta without retrograde dissection can be treated 
medically with relative success.?:!! Our study suggests 
that retrograde dissection may be more frequently de- 
tected with cine than with large film angiography. In one 
patient in Group II, a decision for surgical treatment 
was made when it was recognized that the dissection 
originating in the mid descending thoracic aorta ex- 
tended in retrograde fashion into the ascending 
aorta. 

Detection of nonclotted false lumen: Finally, al- 
though there was no statistically significant difference 
between the two techniques in the detection of a non- 


FIGURE 4. Abdominal cineangiogram 
in a patient with a type Ill dissection 
involving the descending thoracic and 
abdominal aorta. Systolic (A) and dia- 
stolic (B) frames show marked defor- 
mation of the true lumen in the distal 
descending thoracic aorta. Superior 
mesenteric (sm) and right renal (ra) 
arteries are well visualized. The com- 
munication between the true and false 
lumen is seen as a filling defect (arrows 
in B), which represents the bJood free 
of contrast material entering the true 
lumen. 
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FIGURE 3. Abdominal aortogram (frontal projection) of the same patient 
as in Figure 2. The distal end of the dissection is shown by the white 
arrow at the level of the diaphragm. The intimal flap is clearly seen as 
a radiolucent line (arrowheads). The proximal abdominal aorta (ADA) 
is intact. The lumbar arteries are patent. 


clotted false lumen, cineangiography allowed continu- 
ous filming; this fact, coupled with the panning capa- 
bilities of the technique, probably explains why the 
diagnosis was made in 7 of 9 patients when cineangi- 
ography was used but in only 6 of 10 patients when large 
film angiography was used. 
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Technical and practical drawbacks of large film 
angiography: In addition to limitations in detecting 
abnormalities associated with acute dissection of the 
aorta, large film angiography has technical and practical 
drawbacks. Fluoroscopic monitoring and videotape 
recording of the injection of contrast material for im- 
mediate preliminary interpretation and rapid decision 
regarding the need for further angiography are not 
possible. Furthermore, the large film technique does not 
permit panning and filming of the course followed by 
the contrast material in the distal aorta and its main 
branches, and frequently two or more angiograms are 
required to define the extent of the dissection. This may 
prolong the procedure in some critically ill patients and 
require injection of larger volumes of contrast material 
in patients who frequently have compromised renal 
function. Finally, with large film angiography the dy- 
namic aspects of cardiovascular events are minimized 


and the cost of the procedure is increased because of the' 
higher cost of the film used. 

Clinical implications: Cineangiography avoids some 
of the technical limitations of large film angiography. 
It enables fluoroscopic monitoring, panning during in- 
jection of contrast material, videotape recording, per- 
formance of good quality abdominal angiograms (Fig. 
3 and 4), and completion of the study in a shorter period 
of time, at a lower cost and usually after a single injec- 
tion of contrast material. Our study suggests that 
technical advantages and improved diagnostic ability 
make cineangiography a good alternative to conven- 
tional large film angiography in the evaluation of pa- 
tients with acute dissection of the aorta. 
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attacks. Final classification of the less-than-effective indications requires further 
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severe anemia, closed-angle glaucoma, postural hypotension, 


4 * 
ion 8-297 


WARNINGS: Capsules must be swallowed. FOR ORAL, NOT SUBLINGUAL, USE. NITRO-BID* 
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immediate relief of anginal attacks. 


PRECAUTIONS: Intraocular pressure may be increased; therefore, caution is required in 
administering to patients with glaucoma. Tolerance to this drug and cross-tolerance to 
other organic nitrites and nitrates may occur If blurring of vision, dryness of mouth, or 
lack of benefit occurs, the drug should be discontinued. 


ADVERSE REACTIONS: Severe and persistent headaches, cutaneous flushing, dizziness 
and weakness. Occasionally, drug rash or exfoliative dermatitis and nausea and vomiting 
may occur; these responses may disappear with a decrease in dosage. Adverse effects 
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gastrointestinal tract. 


DOSAGE AND ADMINISTRATION: Administer thé smallest effective dose two or three 
times daily at 8- to 12-hour intervals, unjess clinical response suggests a different 
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dynamic response can be measured by drop in systolic blood pressure. Discontinue if 
not effective. 


HOW SUPPLIED: NITRO-BID® 2.5 Controlled-Release Capsules and NITRO-BID* 6.5 Con- 
trolled-Release Capsules are each available in 60- and 100-count UNI-Rx* Paks and in 
bottles of 60 and 100. NITRO-BID* 9 Controlled-Release Capsules are available in 
60-count bottles. 


PHARMACEUTICAL DIVISION 9/80 


increased intracranial pressure, and idiosyncrasy to the drug. VI MI A nu i O N 
2s 


LABORATORIES, INC. 
KANSAS CITY. MO. 64137 


ite Gaile, A71 







h Pai E 








ermedics Pulse Generators sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, 
symptomatic second-degree or third-degree A-V block; (4) recur- 
ICATIONS AND CONTRAINDICATIONS rent Adams-Stokes syndrome; (5) bradycardia-tachycardia syn- 
he indicatiops for cardiac pacing are increasing as pacemakers drome; (6) symptomatic bilateral bundle branch block; and (7) 
me more sophisticated and as advanced methods for patient hypersensitive carotid sinus Sv ndrome (carotid sinus sync« pe) In 
agement become more widespread. Generally accepted indica- addition, certain patients presenting such symptoms as intractable, 
i Aeren Sardine pacing include, but ata not united so recurrent congestive heart failure; cerebral or renal insufficiency; 
iick sinus syndrome; (2) chronic, symptomatic drug-resistant or recurrent, drug-resistant tachyarrhythmias, and who have been 


s arrhythmias, including sinùs bradycardia, sinus arrest, and shown to benefit from temporary cardiac pacing, are considered 


candidates for permanent cardiac pacing. 


The indications for permanent pacing in the presence of acute 
myocardial RE 

to be considered include the location of the myocgrdial infarct, 1 
presence or absence of symptoms, ventriculagate, the mechani: 
of the arrhythmias, and response to therapy. In general, sy fapto- 
matic drug-resistant bradyarrhythmias which impair cardiac Outy 
are considered indications for pacing in patients with acufe myo. 
cardial infarction. regardless of infarct location. 


ave not yet been rigorously defined. Fact 





There are no known contraindications to the use of pacemakers 
hs a medical method for control of heart ratg. However, body rejec- 
ion phenomena such as local tissue reaction or skin necrosis, mus- 
le and nerve stimulation, embolism, and cardiac tamponade have 
en reporte. *, 


AUTION: Federal (U.S.A.) law restricts this 
` device to sale by or on the order of 
a nhvsician. 





TIMELY HEART SURGERY, AND A CYBERLITH* 
PACEMAKER, RESTORED THE YOUTHFUL VIGOR OF 
THIS YOUNG VICTIM OF A CONGENITAL CARDIAC 
DEFECT. 


Jumping, running, playing, riding...all are normal, everyday pursuits 
of a typical pre-schooler. But Cedric Turgeon, at three, tired too easily, 
and ran out of breath too quickly. His symptoms became acute one day, 
and his parents rushed Cedric from his home in Tampa, Florida, to the 
hospital. . 


Doctors performed a cardiac catheterization to reveal the extent of 
the youngster' heart defects. Surgery was performed, at which time 
temporary cardiac pacing was required. Ten days later, a permanent 
pacemaker—a CyberLith—was implanted. 


Now 4% years old, Cedric is back to his old tricks, with one excep- 
tion: his energetic momentum is unabated. His friends find Cedric as 
competitive as the best of them. 


And Cedric needn't suffer a routine of frequent trips to the hospital, 
because Cedric’s doctor monitors the pacemaker telephonically. 


If changes are required, Cedric’s physician can change pacing 
parameters noninvasively. 


Cedric’s CyberLith is just one model in the growing family of spe- 
cialized Intermedics CyberLith pacemakers. These thin, lightweight 
units permit noninvasive programming of stimulation rate, pulse 
width, sensitivity level and pacing mode. And CyberLith’s history of 
reliability is longer than any other multi-programmable pacemaker line. 


CyberLith put Cedric back in the saddle. It could be the pacemaker 
of choice for your patients. i 


Location of some photos courtesy of The Dark Continent, Busch Gardens, Tampa, Florida. 
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CE=10 (potassium chloride) 10 mEq Controlled Release Tablets 


Description: Kaon CI"-10 mEq is a sugar coated (not enteric-coated) tablet containing 

750 mg potassium chloride (equivalent to 10 mEq potassium chloride) in a wax matrix. This 

formulation is intended to provide a controlled release of potassium from the matrix to mini- 

mize the likelihood of producing high localized concentrations of potassium within the 
gastrointestinal tract. 

Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCER- 

ATION AND BLEEDING WITH SLOW RELEASE POTASSIUM CHLORIDE PREPA- 

RATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 

CANNOT TOLERATE OR REFUSE TO TAKE LIQUIDS OR EFFERVESCENT 

POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A PROB- 

LEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis, in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites, states of aldosterone excess with normal renal function, 
potassium-losing nephropathy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated essential 
hypertension is often unnecessary when such patients have a normal dietary pattern. 
Serum potassium should be checked periodically, however, and if hypokalemia occurs, 
dietary supplementation with potassium-containing foods may be adequate to control 
milder cases. In more severe cases supplementation with potassium salts may be indi- 
cated. 

Contraindications: Potassium supplements are contraindicated in patients with hyperka- 
lemia since a further increase in serum potassium concentration in such patients can pro- 
duce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Chronic 
renal failure, systemic acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a potassium- 
sparing diuretic (e.g., spironolactone, triamterene). 
Wax-matrix potassium chloride preparations have produced esophageal ulceration in cer- 
tain cardiac patients with esophageal compression due to enlarged left atrium. Potassium 
supplementation, when indicated in such patients, should be with a liquid preparation. 
All solid dosage forms of potassium chloride supplements are contraindicated in any patient 
in whom there is cause for arrest or delay in tablet through the gastrointestinal tract. 
Inthese instances, potassium supplementation should be with a liquid preparation. 
Wamings: Hyperkalemia—Iin patients with impaired mechanisms for excreting potassium, 
the administration of potassium salts can produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potassium by the intravenous route but may also 
occur in patients given potassium orally. Potentially fatal hyperkalemia can develop rapidly 
and be asymptomatic. The use of potassium salts in patients with chronic renal disease, or 
any other condition which impairs potassium excretion, requires particularly careful moni- 
toring of the serum potassium concentration and appropriate dosage adjustment. 
Interaction with Potassium Sparing Diuretics—Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (e.g., 
spironolactone or triamterene) since the simultaneous administration of these agents can 
produce severe hyperkalemia. 
Gastrointestinal Lesions— Potassium chloride tablets have produced stenotic and/or 
ulcerative lesions of the small bowel and deaths. These lesions are caused by a high localized 
concentration of potassium ion in the region of a rapidly dissolving tablet, which injures the 
bowel wall and thereby produces obstruction, hemorrhage, or perforation. Kaon CI" -10 
mEq (potassium chloride) is a wax-matrix tablet formulated to provide a controlled rate of 
release of potassium chloride and thus to minimize the possibility of a high local concentra- 
tion of potassium ion near the bowel wall. While the reported frequency of small bowel lesions 
is much less with wax-matrix tablets (less than one per 100,000 patient years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases asso- 
Ciated with Wax-matrix tablets have been reported both in foreign countries and in the United 
States. In addition, perhaps because the wax-matrix preparations are not enteric-coated and 
release potassium in the stomach, there have been reports of upper gastrointestinal bleeding 
associated with these products. The total number of gastrointestinal lesions remains less 
than one per 100,000 patient years. Kaon Cl-10 mEq should be discontinued immediately 
and the possibility of bowel obstruction or perforation considered if severe vomiting, ab- 
dominal pain, distention, or gastrointestinal bleeding occurs. 
Metabolic Acidosis—Hypokalemia in patients with metabolic acidosis should be treated with 
an alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, potassium 
acetate, or potassium gluconate. 
Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause of potassium deple- 
tion. In interpreting the serum potassium level, the physician should bear in mind that acute 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body potassium 
while acute acidosis per se can increase the serum potassium concentration into the normal 
range even in the presence of a reduced total body potassium. The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis requires 
careful attention to acid-base balance and appropriate monitoring of serum electrolytes, the 
electrocardiogram, andthe clinical status of the patient. 

Adverse Reactions: The most common adverse reactions to oral potassium salts are nau- 

sea, vomiting, abdominal discomfort and diarrhea. These symptoms are due to irritation of 

the gastrointestinal tract and are best managed by diluting the preparation further, taking the 
dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contraindications, Warnings and 

Overdosage) and gastrointestinal obstruction, bleeding or perforation (see Warnings). 

Overdosage: The administration of oral potassium salts to persons with normal excretory 

mechanisms for potassium rarely causes serious hyperkalemia. However, if excretory 

mechanisms are impaired or if potassium is administered too rapidly intravenously, poten- 
tially fatal hyperkalemia can result (see Contraindications and Warnings). It is important to 
recognize that hyperkalemia is usually asymptomatic and may be manifested only by an 
increased serum potassium concentration and characteristic electrocardiographic changes 

(peaking of T-waves, loss of P-wave, depression of S-T segment, and prolongation of the OT 

interval). Late manifestations include mugcle-paralysis and cardiovascular collapse from 

cardiac arrest. 

Treatment measures for hyperkalemia include the following: 

1. Elimination of foods arf! medications containing potassium and of potassium-sparing 
diuretics. 

2. Intravenous administration of 300to 500 ml /hr of 10% dextrose solution containing 10-20 
units of crystalline insulin per 1,000 ml. 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 

In treating hyperkalemia, it should be recalled that in patients who have been stabilized on 

digitalis, too rapid a lowering of the serum potassium concentration can produce digitalis 

toxicity. 

Caution: Federal law prohibits dispensing without prescription. 

How Supplied: Bottles of 100 and 500; Stat-Pak* (Unit Dose) box of 100. 
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Mexiletine, a new antiarrhythmic agent derived from lidocaine and 
available in oral form, was utilized in 108 patients with chronic and 
symptomatic ventricular arrhythmia. Recurrent ventricular tachycardia 
was present in 83 patients and considered refractory to antiarrhythmic 
therapy in 72. Twenty-five patients had at least one episode of ventricular 
fibrillation. There were four phases of study. Phase 0 consisted of 48 hours 
of ambulatory monitoring and exercise testing while the patient was taking 
no antiarrhythmic drugs. Phase 1 involved acute drug testing utilizing a 
single large dose of mexiletine (400 mg). Phase 2 involved 48 to 72 hours | 
of mexiletine therapy during which 24 hour ambulatory monitoring and - 
exercise testing were employed to evaluate drug efficacy. Phase 3 con- 
stituted long-term maintenance therapy in patients who demonstrated 
a good drug response without experiencing adverse effects. 

Eighty-eight patients underwent acute drug testing which included 
evaluation of mexiletine efficacy both at rest and with bicycle exercise. 
Suppression of ventricular ectopic activity was noted in 57 (65 percent) 
of 88 patients while sedentary and in 32 (58 percent) of 55 patients during 
exercise. Seventy-nine patients completed the phase 2 study; control of 
arrhythmia was demonstrated by monitoring in 51 of these (65.4 percent) 
and by exercise in 43 (66.2 percent) of 65 patients. Of the 65 patients 
undergoing both exercise and monitoring, 39 (60 percent) met criteria 
for drug efficacy with both methods. Results in phases 1 and 2 were 
concordant in 84.7 percent. Adverse effects occurred in 32 patients (29.6 
percent); most commonly these were neurologic and gastrointestinal. 

Thirty-one patients have been taking mexiletine as their only antiar- 
rhythmic drug (phase 3) for an average of 12.6 months (range 3 to 27) 
with continued suppression of arrhythmia. Thus mexiletine is effective 
and well tolerated in some patients having ventricular arrhythmia resistant 
to standard antiarrhythmic drugs. 


Large numbers of patients with ventricular ectopic activity are being 
identified as a result of the widespread acceptance of coronary care units, 
the advent of monitoring techniques for the ambulatory subject,! and 
the adoption of exercise stress testing for exposure of arrhythmia.? The 
suggestion and later confirmation?-? that ventricular premature beats 
are risk indicators for sudden cardiac death has stimulated the use of 
antiarrhythmic drugs for their suppression. But drugs in current use are 
neither consistently effective nor without frequent and at times serious 
adverse effects. An active search has thus been ongoing for newer anti- 
arrhythmic agents. 

Mexiletine is one such agent under active investigation. As a derivative 
of lidocaine there is much to recommend sts clinical uge. It has proved 
to be a remarkably safe drug and its introduction has been the critical 
factor in helping control the ventricular arrhythmias of myocardial in- 
farction.? Mexiletine, unlike lidocaine, can be used orally and has a 
prolonged pharmacologic half-time of about 11 hours. Earlier studies?-10 
with both oral and intravenous mexiletine have demonstrated ready 
patient acceptance and a paucity of serious adverse reactions. The aim 
of this report is to present results of mexiletine in a large group of pa- 
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XILETINE FOR VENTRICULAR ARRHYTHMIAS—PODRID AND LOWN 


TABLE | 
. Data on 108 Patients in Study Group 


Patients 
(n) 
Diagnosis 
Coronary heart disease 49 
Previous myocardial infarction 39 
Two or more prior infarctions 14 
Cardiomyopathy 11 
Valvular heart disease 11 
No heart disease 37 
Presenting arrhythmia 
Ventricular premature beats 25 
Malignant ventricular arrhythmia 83 
Ventricular fibrillation 25 
Ventricular tachycardia 58 
With syncope 24 
Without syncope 34 
Sustained with dizziness 14 
.Salvos with dizziness 20 


tients with diverse forms of heart disease who had fre- 
quent symptomatic ventricular premature beats. Many 
of these patients had frequent episodes of ventricular 
fibrillation or sustained ventricular tachycardia with 
hemodynamic compromise. Because such episodes are 
sporadic, we evaluated the short-term effects of mexi- 
letine on advanced grades and frequent ventricular 
premature beats, as well as its long-term efficacy in 
preventing recurrent life-threatening ventricular ar- 
rhythmias. 


. Methods 
Study Patients 


The population studied consisted of 108 patients referred 
for the treatment of frequent and symptomatic ventricular 
ectopic activity that had been present for many months to 
years. There were 80 men and 28 women with an average age 
of 50.2 years (range 16 to 79). The cardiac diagnoses are pre- 
sented in Table 1. Twenty patients had congestive heart 
aig and were being maintained on digitalis and diuretic 

rugs. 

All patients had frequent ventricular ectopic activity doc- 
umented by monitoring. Among the 108 patients, 83 had ep- 
isodes of sustained malignant ventricular arrhythmia (Table 
I). In none was this arrhythmia the result of acute myocardial 
infarction or other demonstrable precipitating factors. 





TABLE Il 


Previous Antiarrhythmic Therapy in 72 Patients With 
Refractory Ventricular Arrhythmias 





d Patients 

e (n) 
Quinidine 72 
Procainamide 69 
Propranolol 57 
Disopyramide 53 
Tocainide 25 
Diphenylhydantoin 18 
Aprindine 12 
Pindolol 6 
Metoprolol 2 
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PHASE O 108 PATIENTS . 


PHASE 1 88 200 


vv ™ [PHASE 1 
© 29C| NO RESPONSE 15 


PHASE 2 79 
| SIDE EFFECTS 6 
44 


OTHER AGENTS 
SUPERIOR 8 


PHASE 3 


OTHER AGENTS 
SUPERIOR 8 


(B = UNDERWENT PARTICULAR 
PHASE OF STUDY 
© = DID NOT UNDERGO PARTICULAR 
PHASE OF STUDY 
FIGURE 1. The four phases of the mexiletine study. Phase 0 involved 
data acquisition derived from 48 hours of ambulatory electrocardio- 
graphic monitoring and exercise testing. Phase 1 involved acute drug 
testing with a single large oral dose of mexiletine. During Phase 2 (brief 
maintenance therapy) mexiletine was administered for 48 to 72 hours 
with a repeated period of ambulatory monitoring and exercise testing 
to determine drug efficacy. Those responding were given mexiletine 
as long-term maintenance therapy (Phase 3). 


Twenty-five patients had previously experienced one or more 
episodes of ventricular fibrillation. Fifty-eight patients had 
experienced spontaneous ventricular tachycardia that was 
episodic; in 24 of these patients the ventricular tachycardia 
was sustained, associated with syncope and required cardio- 
version or administration of lidocaine. Thirty-four patients 
experienced ventricular tachycardia that did not cause syn- 
cope, but in 14 the tachycardia was sustained and resulted in 
dizziness and lightheadedness. Twenty patients had salvos 
of ventricular tachycardia lasting from several seconds to 1 
minute, associated with dizziness, lightheadedness or a sen- 
sation of rapid heart action. 

Previous therapy: Seventy-two patients had been referred 
because the arrhythmia proved refractory to standard doses 
of conventional and, in many instances, investigational anti- 
arrhythmic drugs (Table II). Arrhythmia was considered to 
be refractory when occurrence was documented by electro- 
cardiogram or monitor at a time when the blood level was in 
a therapeutic range. An average of 4.4 agents had been tried 
unsuccessfully for varying intervals. In these patients the 
ventricular arrhythmia had been recurring for a period ranging 
from 3 months to 25 years; in 60 it had been present for more 
than 1 year, while in 12 it was noted over a briefer time of 3 to 
6 months. 


Study Protocol 


The study consisted of four phases (Fig. 1). 

Phase 0 (data acquisition): This phase comprised a 
baseline evaluation period to establish the frequency and type 
of ventricular arrhythmia. All antiarrhythmic drugs were 
discontinued for 48 hours. Patients underwent 24 to 48 hours 
of ambulatory monitoring with a cassette tape recording 
system and maximal exercise tolerance testing on a motorized 
treadmill.!! The procedures for monitoring and exercise have 
previously been described.!:?:!! 

Arrhythmia was categorized by means of the Lown grading 
system. 1? i e 

Grade 0, no ventricular premature beats. 

Grade 1A, less than 30 ventricular premature beats/hour 
(less than 1/min). s 


Grade 1B, less than 30 ventricular premature beats/hour 
(occasionally more than 1/min). 

Grade 2, greater than 30 ventricular premature beats/ 
hour. 

Grade 3, multiform ventricular premature beats. 

Grade 4A, repetitive forms, couplets. 

Grade 4B, repetitive forms, ventricular tachycardia. 

Grade 5, early cycle ventricular premature beats (R on T 
phenomenon). 

In order to permit evaluation of drug efficacy, patients had 
to exhibit sufficient arrhythmia during either ambulatory 
monitoring or maximal exercise stress testing. The criteria for 
entry into the study on the basis of findings of ambulatory 
monitoring were at least grade 2 ventricular premature beats 
during a majority (more than 50 percent) of the monitoring 
hours. Criteria for admission based on exercise testing results 
included the occurrence of frequent (two or more) ventricular 
premature beats/min during any 3 minute block either during 
exercise or in the recovery period, or the provocation of grade 
4A, 4B or 5 ventricular premature beats during either exercise 
or early recovery period. 

Phase 1 (acute drug testing): This technique has been 
previously described.!? The essential elements include: 

1. A control period of continuous electrocardiographic re- 
cording by trendscription!^ for 30 minutes and exercise on a 
bicycle ergometer for 5 minutes. 

2. Administration of a large dose of drug (mexiletine 400 
mg), equaling approximately half of the total daily mainte- 
nance dosage. 

3. Continued monitoring by trendscription for 3 to 5 hours. 
Exercise on a bicycle ergometer repeated each hour. 

4. Blood sampling for drug level at the time of peak anti- 
arrhythmic action, with abatement of drug effect, or during 
the occurrence of an adverse reaction. 

A response to mexiletine during the acute drug test was 
considered satisfactory when the following criteria were 
fulfilled: 

1. A greater than 50 percent lessening in the frequency of 
ventricular premature beats and total elimination of grades 
4A and 4B arrhythmia at rest by comparison with the control 
state. This reduction had to occur at least 30 minutes after 
drug ingestion and had to be maintained for at least 2 
hours. 

2. A greater than 50 percent reduction in the frequency of 
ventricular premature beats and a greater than 90 percent 
reduction of grades 4A and 4B arrhythmia during at least two 
of the hourly bicycle exercise tests when compared with the 
control exercise findings. 

The response was deemed partial if: 

1. Only one criterion was met. 

2. Grades 4A and 4B arrhythmia were reduced by 50 to 90 
percen® but not totally eliminated. 

Phase 2 (short-term maintenance therapy): If no ad- 
verse reaction occurred during phase 1 acute drug testing, 
mexiletine was administered for 48 to 72 hours in a dose of 300 
mg three times daily. The dose was increased to 400 mg three 
times daily if, after the initial 24 hours, the drug was well 
tolerated and arrhythmia persisted. If adverse effects occurred 
during phase 1 testing, the initial dose was decreased to 200 
mg three times daily. During the final 24 hours of phase 2, 
ambulatory electrocardiographic monitoring and exercise 
stress testing were repeated to assess drug effect. Blood for 
drug level was obtained 2 hours after administration of mex- 
iletine. The drug was considered effective during phase 2 if 
the following criteria for arrhythmia suppression were fulfilled 
during both ambulatory electrocardiographic monitoring and 
exercise stress testinge 
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A response was considered successful as evaluated by 
ambulatory monitoring when all of the following criteria were 
met: 

1. Areduction of at least 50 percent in the number of ven- 
tricular premature beats during 24 hour monitoring. 

2. A reduction of at least 50 percent in the number of hours 
during which grade 2 and 3 arrhythmia were present. 

3. Elimination of grade 4B and a greater than 90 percent 
reduction of grade 4A arrhythmia. 

A response was considered successful on the basis of ex- 
ercise testing if these criteria were met: 

1. A greater than 50 percent reduction in the number of 
ventricular premature beats occurring during exercise and the 
postexercise recovery period. 

2. A greater than 50 percent reduction in the peak rate of 
ventricular premature beats/min observed throughout exer- 
cise and the postexercise period. 

3. Total elimination of ventricular tachycardia and mul- 
tiform ectopic beats throughout all stages of exercise and a 
greater than 90 percent reduction of couplets. 

Mexiletine was considered partially effective if the criteria 
for either ambulatory electrocardiographic monitoring or 
exercise testing were fulfilled. 

Phase 3 (long-term maintenance therapy): Since it has 
been our view that suppression of repetitive and early ven- 
tricular premature beats (grades 4 and 5 arrhythmia) is de- 
cisive in preventing malignant arrhythmia,*!! a decision to 
continue treatment with mexiletine on a long-term basis was 
determined by suppression of these forms during phase 2 
study as well as absence of adverse effects. All patients treated 
with mexiletine on a long-term basis have been followed up 
at this institution and were seen at least every 3 months. At 
each visit, a 12 lead electrocardiogram, complete blood count, 
urinalysis, routine blood chemistry determination and mea- 
surement of mexiletine blood level were obtained and 24 hour 
ambulatory monitoring!!! and exercise stress testing?! were 
repeated. The criteria for efficacy were the same as described 
for phase 2. 

Blood level assay: Blood samples were analyzed by gas 
chromatography. One milliliter of plasma was mixed with 1.0 
ml of 0.1 M sodium carbonate; added to this was 3 ml of di- 
ethylether. The mixture was centrifuged and the ethyl layer 
transferred to a culture tube. The ether was evaporated by 
utilizing a water bath. The sample was reconstituted with 
isopropyl alcohol and analyzed by gas chromatography.!? 

Statistical analysis: Statistical analysis was performed 
using Student's t test for paired data and the chi-square test 
with Yates' correction. The criterion of significance was a 
probability (p) value of less than 0.05. Results are expressed 
as mean + standard error of the mean. 


Results 


Phase 0: Ninety-one of the 108 patients met the cri- 
teria for entry into the study on the basis of ambulatory 
electrocardiographic monitoring, and the remaining 17 
patients met entry criteria based on exercise testing 
(Fig. 2). Fifty-four patients*(59 percent) had grade 2 
ventricular premature beats during each hour of the 
ambulatory monitoring period. An additional 20 pa- 
tients (22 percent) had grade 2 arrhythmia for more 
than 75 percent of the monitoring hours. In 17 patients 
(19 percent), grade 2 arrhythmia was present for 50 to 
75 percent of the monitoring hours. Although the min- 
imal requirement for entry into the study was 30 ven- 
tricular premature beats/hour, the average number 
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FIGURE 2. Frequency of grades 2 and 4 ventricular arrhythmia among 
91 patients meeting both the ambulatory electrocardiographic moni- 
toring and exercise criteria for entry into the study (phase 0). Seventeen 
patients met only monitoring or exercise criteria. 
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FIGURE 3. Example of a positive response during acute drug testing. 
Frequent ventricular premature beats (18/min) and couplets (grade 4A, 
3/min), were present before administration of mexiletine. The frequency 
of ventricular premature beats was increased with exercise. At 3 hours 
after treatment with mexiletine, arrhythmia was abolished during rest 
and nearly completely eliminated with exercise. Each line represents 
15 seconds of monitoring information. 
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observed was 417/hour (range 60 to 2,065). Grade 4A or 
4B ventricular premature beats were present in 85 (93 
percent) of the 91 patients during the monitoring period 
(Fig. 2). The highest grade was 4B in 61 patients (67 
percent) and 4A in 24 patients (26 percent). 
Ninety-one patients underwent exercise testing (Fig. 
2). All but three patients met criteria for entry based on 
frequent ventricular premature beats. The average 
number of ventricular premature beats was 227 (range 
68 to 852). Grade 4A arrhythmia occurred during the 
exercise test in 20 patients (22 percent) and grade 4B 
in 50 patients (55 percent) (Fig. 3). Of the 72 patients 
referred for refractory ventricular arrhythmia, all had 
grade 4 arrhythmia during ambulatory electrocardio- 
graphic monitoring; 52 had grade 4 with exercise. 
Phase 1 (acute drug testing) (Table III): Eighty- 
eight patients underwent acute drug testing with 400 
mg of oral mexiletine. Of these, 55 underwent bicycle 
exercise during the control period and every hour for 3 
hours after mexiletine administration. In the remaining 
33 patients the presence of frequent ventricular pre- 
mature beats as well as 4A and 4B arrhythmia at rest 
obviated the need for exercise. The mexiletine acute 
drug test was one of several (average 3.6) tests per- 
formed in these patients. All patients had reproducible 
resting and exercise-induced arrhythmia. Among the 


55 patients studied both at rest and with exercise, a good 


response to mexiletine was noted in 32 (58 percent), and 
a partial response in 5 (9 percent) (Fig. 3). Grade 4 
ventricular premature beats were eliminated during 
acute drug testing in 32 (73 percent) of 44 patients ex- 
hibiting this grade. A good response was noted during 
exercise in 67 percent and complete abolition in 34.5 
percent. 

Among the 33 patients who did not require bicycle 
exercise testing, 25 (75.8 percent) had a satisfactory 
response to mexiletine while at rest. Thus, of the 88 
patients subjected to acute drug testing, 57 (65 percent) 
had a good response to mexiletine at rest. 

The onset of drug effect in the 57 patients who 
showed a response to mexiletine was 70.8 + 33.8 minutes 
(range 30 to 130). Suppression of arrhythmia lasted 


TABLE Ill 
Effect of Mexiletine in 88 Patients During Phasel . 
Rest Exercise Both 
(n= 88) (n= 55) (n = 55) 
Responders 
n 57 37 32 
% 64.8 67.2 58.2 
Responders with 
complete abolition 
of VPBs 
n 35 19 14 
96 39.8 34.5 22.5 
Peak drug level (ug/ml) 
Responders (n — 30) 0.87 (range 
0.38-2.76) | p = not e 
signifi- 
Nonresponders (n — 22) 0.83 (range cant 
0.21- 1.99) 


p = probability; VPBs = ventricular premature beats. 


monitoring and maximal exercise 
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thus had complete elimination of 74% 
grade 4B arrhythmia (ventricular GRADE 2 
tachycardia). | 


beyond the 3 hour period of observation in 54 patients, 
but in 3 who had an early onset of response, arrhythmia 
recurred after 2 hours. The average peak blood level of 
mexiletine was 0.87 + 0.13 ug/ml (range 0.38 to 2.76) in 
30 of those who responded and 0.83 + 0.05 ug/ml (range 
0.21 to 1.98) in 22 patients who had no response. These 
differences are not significant. Blood samples were not 
obtained in 20 patients and the remaining patients' 
samples are awaiting analysis. 

Administration of a single 400 mg dose of mexiletine 
did not alter heart rate or blood pressure. One patient 
with a P-R interval of 0.28 second and QRS complex of 
0.14 second manifested transient complete heart block 
with a junctional rhythm of 50/min, 150 minutes after 
receiving mexiletine. No other patient demonstrated 
prolongation of conduction. Five patients experienced 
severe dizziness during the acute drug test. In each pa- 
tient, the symptom occurred after an interval of 2 or 
more hours after drug administration. 

Phase 2 (short-term maintenance testing) (Fig. 
4): Seventy-nine patients completed 48 to 72 hours of 
multiple mexiletine dosing (Fig. 1). Twenty-nine pa- 
tients who underwent the phase 1 study were not 
subjected to phase 2 because they had experienced ad- 
verse reactions or another drug was found to be superior. 
Fifty-one (65 percent) of 78 patients who underwent a 
second monitoring period while receiving mexiletine 
therapy had a favorable response. One patient was not 
remonitored because he had ventricular tachycardia 
with exercise while receiving mexiletine but exhibited 
scanty arrhythmia during 24 hour monitoring before 
drug administration. Among 67 of the 78 patients with 
grade 4 ventricular premature beats, these were totally 
eliminated in 31 (46 percent), whereas among 16 others 
(24 percent), grade 4B was abolished and grade 4A was 
reduced by 90 percent or more. Among the 51 patients 


with a favorable response the hourly frequency of ven- - 


tricular premature beats was reduced from 357 + 58 
during control monitoring to 61 + 18 during mexiletine 
therapy (p <0.001) (Fig. 5). 

Sixty-five of the 79 patients who underwent phase 
2 testing had a repeated exercise study while receiving 
maintenance mexiletine therapy. Of these 43 (66 per- 
cent) showed a satisfactory response. Of 46 patients with 
grade 4 arrhythmia, 32 (70 percent) had total elimina- 
tion of this grade and in an additional 4 (9 percent), 


Vdd 


100% 90- 100% <50% 50- 75- 100% 100% 
99% 74% 99% 99% 
GRADE 4A GRADE 2 GRADE 4A 
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grade 4B arrhythmia was abolished and grade 4A was 
reduced by 90 percent or more. The frequency of ven- 
tricular premature beats during the control exercise test 
was reduced from an average of 204 + 34 to 30+ 10 (p 
<0.001) (Fig. 5). 

Among the 65 patients subjected to both exercise 
and monitoring, 39 (60 percent) met the criteria for 
drug efficacy with both methods of arrhythmia expo- 
sure. An additional 13 patients responded to either 
monitoring or exercise testing; thus, 52 patients (66 
percent) had a demonstrable reduction in ventricular 
premature beats during mexiletine therapy. An example 
of a satisfactory response can be seen in Figure 6. 

The dose required for arrhythmia control varied 
from 600 mg in 22 patients, 900 mg in 21 and 1,200 mg 
in 3. The drug was given three times daily. Equivalent 
daily dosages were utilized in responders and nonre- 
sponders. The average blood level was 0.99 + 0.09 ug/ml 






(P<0.001) (P<0.001) 





(204) 


200 
150 
100 
50 
O i "vr 
Exercise Monitoring 
VPBs/test VPBs/hour 
(N=48) (N=51) 


e 
[C PRE MEXILETINE THERAPY 
DURING MEXILETINE THERAPY, 


FIGURE 5. Magnitude of reduction in frequency of ventricular premature 
beats (VPBs) before and after mexiletine therapy during both exercise 
testing and 24 hour ambulatory electrocardiographic monitoring. Only 
responders are included, that is, patients who exhibited complete 
elimination of grade 4B arrhythmia. The number of ventricular premature 
beats is presented in parentheses. For exercise testing, this number 
constitutes the average number of ectopic beats/test; for electrocar- 
diographic monitoring it is the average hourly frequency. n = number 
of patients; P = probability. ; 
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FIGURE 6. Comparison of control 
(phase 0) and phase 2 study in a patient 
receiving mexiletine (900 mg/day) who 
responded during both exercise and 
electrocardiographic monitoring. D = 
day. 


(range 0.44 to 2.08) in 30 responders and 1.23 + 0.13 
ug/ml (range 0.36 to 3.09) in 22 nonresponders. This 
difference is not statistically significant. 

The effectiveness of mexiletine was unrelated to the 
type of underlying heart disease or the mechanism of 
ventricular arrhythmia. Thus, the response among 
patients with ventricular premature beats or malignant 
arrhythmia was similar. Control was achieved in 56 
percent of patients who had salvos or sustained ven- 
tricular tachycardia with dizziness, in 58 percent of 
those who experienced ventricular tachycardia with 
syncope and in 60 percent of those with prior ventricular 
fibrillation. 

Fifty-nine patients underwent phase 1 and phase 
2 studies with mexiletine. In 15 other patients who had 
a negative response to acute drug testing their grave 
clinical condition precluded entry into a phase 2 pro- 
tocol study. Thus comparison between these two phases 
is largely based on data in patients with a positive result 
during the initial testing procedure. In 50 patients (85 
percent), the results were concordant; that is, in both 
phases the response was positive (40 patients) or absent 
(10 patients). In nine patients (15 percent), a discordant 
result was noted (p <0.0001). Two of these patients, who 
did not show a response during phase 1, demonstrated 





drug efficacy during phase 2; however, peak blood levels 
during phase 1 were 0.21 and 0.79 ug/ml, whereas during 
phase 2 they were 0.77 and 1.8 ug/ml, respectively. 
Seven patients responded during phase 1 but not during 
phase 2. Blood levels were available in three of these 
patients and in each case, the peak blood mexiletine 
levels were twice as high during phase 1 as in phase 2. 

Phase 3 (long-term mexiletine therapy): Forty- 
four patients who had recurrent ventricular tachycardia 
or ventricular fibrillation and who responded during 
phases 1 and 2 were placed on long-term mexiletine 
maintenance therapy. A decision to continue treatment 
with mexiletine on a long-term basis was determined by 
phase 2 results, showing that mexiletine suppressed 
ventricular arrhythmia and was tolerated without ad- 
verse reactions. In seven of these patients mexiletine 
was discontinued because of adverse reactions (severe 
nausea, central nervous system effects or recurrent ar- 
rhythmia). Of the remaining 37 patients receiving 
mexiletine, 6 are receiving other antiarrhythmic drugs 
(quinidine in 4 and aprindine in 2) and are not included 
in analyses of long-term results. Sixteen patiepts were 
receiving a beta adrenergic blocking agent for control 
of angina pectoris but had shown no suppression of ar- 
rhythmia with this agent alone. Fifteen patients are 
receiving only mexiletine. Thus, 31 patients have been 
maintained on mexiletine as their only antiarrhythmic 
drug. The average duration of therapy has been 17.6 
months (range 8 to 32). Arrhythmia, as evaluated by 
repeated ambulatory electrocardiographic monitoring 
and exercise testing, remains controlled and no patient 
has had recurrent ventricular tachycardia or ventricular 
fibrillation. 

Adverse effects (Table IV): Adverse effects Were 
encountered in 32 (30 percent) of the 108 patients. The 
most common toxic reactions *were dizziness and 
tremors (observed in 23 patients). In eight these 


TABLE IV ^ 
9 
Adverse Effects of Mexiletine in 32 Patients During Study 
ATUM albo du ro us entier gag! Tibet ua Cle Ne dace nie cr ae Lo E 
Patients Drug 
(n) Discontinued 
Nausea 12 3 
Dizziness 18 14 
Tremor 5 1 
Conduction disturbance 1 1 
- Aggravation of arrhythmia 6 6 
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symptoms abated on a reduction in dosage; arrhythmia 
remained controlled in seven while they were receiving 
the smaller dosage. Twelve patients experienced nausea 
that was not dose-related, was usually mild and re- 
sponded to antacid agents. As noted, one patient with 
underlying conduction disease exhibited complete heart 
block during the acute drug test. In six patients mexi- 
letine aggravated the preexisting ventricular arrhyth- 
mia. This result was defined as a 4-fold increase in the 
frequency of ventricular premature beats, a 10-fold 
increase in the frequency of repetitive forms or the oc- 
currence of ventricular tachycardia that had not been 
present during control studies.!9 This increase in ar- 
rhythmia is far greater than that observed during con- 
trol monitoring periods and could not be accounted for 
by spontaneous variability.!6 


Discussion 


Pharmacology: Mexiletine is a new antiarrhythmic 
agent that resembles lidocaine in chemical structure and 
shares its local anesthetic properties.9!7 Vaughan 
Williams!? demonstrated that it had a direct membrane 
effect in vitro, typical of quinidine-like drugs. It de- 
creases upstroke velocity of the action potential, 
shortens action potential duration, slows conduction 
velocity and results in membrane stabilization, indic- 
ative of a local anesthetic effect. In animal experiments 
mexiletine has proved effective in protecting dogs 
against ventricular arrhythmias produced by cate- 
cholamines, ouabain and coronary arterial ligation.!9 
Studies with oral and intravenous mexiletine in human 
beings have confirmed its efficacy in controlling ven- 
tricular arrhythmias. Efficacy has been reported in 74 
to 92 percent of patients^5?? when used orally or in- 
travenously to treat ventricular arrhythmias associated 
with recent myocardial infarction, digitalis intoxication 
or cardiac surgery. Adverse effects have been reported 
in 40 to 60 percent of patients and severe reactions in 
17 percent.%:!° We did not find the same degree of re- 
sponse as reported by these studies largely because of 
a difference in the patient population and differing 
methods of screening for drug efficacy and safety. 

No effects on sinus nodal, atrioventricular nodal or 
His-Purkinje tissue have been observed.?..?? No major 
hemodynamic changes have been reported in patients 
receiving mexiletine intravenously.2??* We observed no 
changes in blood pressure with oral administration of 
the drug. No patients manifested clinical signs or 
symptoms of congestive heart failure. These findings 
suggest that chronic maintenance therapy with mexi- 
letine does not result in substantial hemodynamic 
compromise. 

Mexiletine is rapidly and completely absorbed from 
the gastrointestinal tract.?»?6 The half-life of the drug 
is approximately 11.5 hours. Mexiletine is primarily 
metabolized by the liver, although at a normal urinary 
pH 10 to 23 percent may be excreted unchanged in the 
urine.?»26 The usual oral dose is 200 to 400 mg admin- 
istered every 6 or 8 hours. The intravenous dose is 
generally 200 mg over 3 to 5 minutes followed by 1 to 1.5 
mg/min. The presumed therapeutic plasma concen- 
tration s 1 to 2 ug/ml with adverse effects occurring at 
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a concentration above 2 ug/ml.?? In this study bleod | 


levels were equivalent in patients who did and did not 
respond to the drug. Thus, serum levels were not useful 
for guiding therapy because they did not predict drug 
response or the development of adverse effects. 
Evaluation of drug efficacy: A major issue relevant 
to the study of the efficacy of an antiarrhythmic agent 
relates to the question of variability of ventricular ec- 
topic activity. Winkle?’ showed that the frequency of 
ventricular premature beats varies greatly from hour 
to hour and the spontaneous reduction in prevalence 
may mimic antiarrhythmic effect. Morganroth et a1.?8 
indicated that the high day to day variability in the 
frequency of ventricular premature beats requires a 
reduction of at least 83 percent when two 24 hour 
monitoring sessions are compared to be certain of a 
salutary antiarrhythmic drug effect. Sheps et al.?? found 
that patients with asymptomatic ventricular premature 
beats induced by exercise exhibit wide variability in the 
frequency of the premature beats between two consec- 
utive tests. Winkle?? stated that because there may be 
a "natural waxing and waning" in the frequency of 
asymptomatic ventricular premature beats, the decision 
to initiate therapy may be based on an inaccurate as- 
sessment of the extent of ventricular arrhythmia, and 
the evaluation of drug efficacy may be clouded by such 
natural variation. Although this may be quite true in a 
group of patients with asymptomatic ventricular pre- 
mature beats our experience indicates little validity in 
applying such a generalization to patients with symp- 
tomatic and potentially malignant ventricular ar- 
rhythmias. : 
Reliability of drug testing protocol: The patients 
selected for this study were those with frequent and 
chronic symptomatic ventricular arrhythmias not re- 
sulting from an acute illness. In fact, 72 patients had 
ventricular arrhythmia that was refractory to conven- 
tional therapy over many months and even years. The 
high frequency and reproducibility of ventricular ar- 
rhythmia was documented during control or phase 0 
studies utilizing both maximal exercise testing as well 
as 48 hours of continuous ambulatory electrocardio- 
graphic monitoring. Eighty-eight patients fulfilled 
criteria based on results of both exercise and monitor- 
ing. We analyzed not only ventricular premature beat 
frequency but also considered the type of arrhythmia 
present. Thus, repetitive forms of arrhythmia were 
demonstrated by 85 patients during monitoring and by 
70 during exercise. Winkle?’ did not provide data on the 
effect of exercise on arrhythmia. If one were to apply our 
criteria for drug efficacy during phase 1 to his 20 pa- 
tients, only 1 of the 20 would have been considered a 
drug responder. The patients of Morganroth et a1.?8 
were asymptomatic and no data were supplied about the 
reproducibility of advanced grades of ventricular pre- 
mature beats. Additionally, Morganroth et al. concluded 
that variability decreases when a higher frequency of 
ventricular premature beats is present. Thus, variance 
was only 35 percent when there were more than 200 
ventricular premature beats/hour. Our patients had an 
average of 417 such beats/hour as well as repetitive 
forms. 3 
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Our patients differ from those of Sheps et al.?? in that 
they had arrhythmia with exercise as well as at rest. 
Their patients were asymptomatic and manifested ar- 
rhythmia only with exercise. Adhering to the protocol 
outlined, our patients underwent a total of 3.6 phase 1 
studies. Arrhythmia occurred at rest and with exercise 
during the control period of each test, indicating a lack 
of an exercise conditioning effect. 

The acute drug test proved to be accurate in pre- 
dicting the response of mexiletine during phase 2. 
There was concordance between the results of phase 1 
and 2 in 84.7 percent of patients. A discordant result was 
consistently explainable on the basis of differences in 
blood level achieved. Thus, acute drug testing may 
permit rapid assessment of antiarrhythmic efficacy of 
mexiletine in the individual patient. 

Adverse effects of mexiletine: Adverse effects were 
frequent, occurring in almost 30 percent of patients. 
This finding is similar to previously reported data.9-!9 
Serious adverse effects were less frequent. This can be 
accounted for by the nature of our testing procedure. 
Patients who had adverse effects during phase 1 or 2 
were not continued on treatment with mexiletine. Thus 
they were screened out, preventing serious toxic reac- 
tions. The adverse reactions have generally been mild 


and some, such as dizziness and tremors, may be 
avoided by careful dose titration. Nausea resulted from 
local gastric irritation and was prevented when the drug 
was taken after food or with antacids. The usual dosages 
employed were 600 to 900 mg daily, and a few patients 
tolerated as much as 1200 mg daily. 

Implications: Patient acceptance of mexiletine has 
been good, and the drug caused a serious adverse car- 
diovascular reaction in only one patient. Repeated ex- 
ercise testing and ambulatory electrocardiographic 
monitoring during the follow-up period has documented 
continued suppression of arrhythmia. We conclude that 
mexiletine is a useful agent for the treatment of serious 
ventricular arrhythmias and may be successful in pa- 
tients who do not respond to standard antiarrhythmic 
agents. The response to a single oral loading dose of 
mexiletine predicts in the majority drug efficacy during 
chronic use. When evaluated by both monitoring and 
exercise (phase 2) the drug was effective in 60 percent 
of patients. However, adverse effects limit its use. Thus, 
only 34 percent of patients (37 of 108) have been suc- 
cessfully continued on long-term therapy. The reduc- 
tion in ventricular premature beat frequency and 
elimination of repetitive forms are effective criteria for 
determining the therapeutic adequacy of mexiletine. 
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Recurrent, drug-refractory sustained tachycardias present a difficult 
management problem. After invasive electrophysiologic study and ex- 
tensive antiarrhythmic drug testing, a permanent transvenous lead system 
and radiofrequency stimulator that required patient activation for burst 
pacing were implanted in eight patients with refractory supraventricular 
tachycardia and in nine patients with refractory ventricular tachycardia. 
In a follow-up period of 2 to 28.5 months (mean 12) each patient has 
successfully terminated multiple episodes of recurrent tachycardia without 
complication. This therapeutic approach has allowed a reduction in 
antiarrhythmic drug dosage and adverse effects, has obviated the need 
for frequent hospital admissions resulting from recurrent tachycardia, and 
has met with excellent patient acceptance. 


Termination of paroxysmal tachycardia by electrical stimulation of the 
heart was first performed more than 100 years ago.! Since that time, 
stimulation techniques have progressed to the present use of bursts of 
rapid intracardiac pacing to interrupt and terminate both supraven- 
tricular?-? and ventricular!9-16 tachycardias. Although most previous 
reports have dealt with temporary pacing techniques, both technical and 
practical factors have limited the chronic application of this treatment 
modality. A widespread lack of diagnostic electrophysiologic capability 
has prevented the identification and the selection of appropriate pa- 
tients. In addition, the lack of stable, transvenous atrial pacing electrodes 
suitable for long-term permanent atrial pacing has prevented easy ap- 
plication to patients who have paroxysmal supraventricular tachy- 
cardia. 

We describe our experience with 17 patients (8 with paroxysmal su- 
praventricular tachycardia and 9 with paroxysmal ventricular tachy- 
cardia) treated with a permanently implanted transvenous pacing 
electrode and radiofrequency stimulator that required patient activation 
for elective termination of the tachycardia. 


Methods 


Patient Characteristics 


Paroxysmal supraventricular tachycardia (Table I): Of the eight patients 
in this group, seven were women and one was a man; the mean age was 45 years 
(median 50, range 20 to 66). No patient had associated cardiovascular disease 
identified on clinical examination and noninvasiye testing. Supraventricular 
tachycardia had been recurrent for a mean of 26 years (median 26, range 8 to 48), 
with an average of 61 episodes of tachycardid (median 45, sange 4 to 250) oc- 
curring within the year before electrophysiologic evaluation. Each patient had 
received multiple antiarrhythmic drugs singly and in combination, without 
satisfactory rhythm control. Medical therapy was further limited by unpleasant 
or intolerable drug effects in four of the eight patients. All eight had required 
multiple hospitalizations and emergency room visits, with three patients re- 
quiring repeated direct current countershock for termination of tachycardia. 
In addition, there was striking psychosocial disability resulting from frequent 
episodes of tachycardia in five of the eight patients. . 
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Ventricular tachycardia (Table II): All nine patients in 
this group were men, with a mean age of 55 years (median 59, 
range 34 to 66). Ventricular tachycardia had been recurrent 
for a mean of 24 months (median 10, range 2 to 96), with an 
average of 25 episodes of tachycardia (range 6 to 96) requiring 
8 hospitalizations (median 8, range 4 to 20). Associated car- 
diovascular diagnoses included coronary artery disease with 
prior transmural myocardial infarction in seven patients, 
congestive cardiomyopathy in one patient and hypertrophic 
nonobstructive cardiomyopathy in one patient. Left ven- 
tricular function was greatly depressed in eight of the patients 
assessed (mean ejection fraction 27 percent, range 20 to 35). 
All patients had received multiple antiarrhythmic drugs and 
drug combinations, including investigational medications, 
without control of recurrent tachycardia and with frequent 
adverse effects. Multiple drug allergies prevented the con- 


tinued use of potentially effective medications in one patient 
and complicated drug administration in two additional pa- 
tients. Repeated direct current countershock for termination 
of sustained ventricular tachycardia had been required in all 


but one patient. 


Electrophysiologic Results 


Invasive electrophysiologic studies were performed utilizing 


standard techniques. Three to four multiple electrode cath- 
eters were inserted percutaneously for simultaneous record- 
ings from the right atrium, His bundle region, coronary sinus 
and right ventricle. Pacing and programmed stimulation were 
performed with a Medtronic SP1349A or 5325 stimulator. 
Supraventricular tachycardia: The following electro- 
physiologic substrates for paroxysmal tachycardia were 
identified in the eight patients: dual atrioventricular (A-V) 





Electrophysiologic 


Previous Drug Therapy Diagnoses 


Digoxin, propranolol, 
quinidine, procainamide 
Digoxin, propranolol, 


Dual A-V nodal pathways 
Dual A-V nodal pathways 


quinidine 
Digoxin, propranolol, Concealed septal accessory 
quinidine pathway 


Digoxin, propranolol, 
quinidine, reserpine 

Digoxin, propranolol, 
quinidine, procainamide, 
disopyramide, verapamil 

Digoxin, propranolol, 
quinidine 

Digoxin, propranolol, 
quinidine 


Dual A-V nodal pathways 


Dual A-V nodal pathways; 
enhanced A-V nodal conduction 


Dual A-V nodal pathways 
Dual A-V nodal pathways 


TABLE | 
Clinical Features of Eight Patients With Supraventricular Tachycardia 
Age (yr) Duration of Episodes* ^ Admissions! 
Case & Sex Tachycardia (yr) (n) (n) 
1 51F 48 50 10 
2 61F 20 8 3 
3 52F 29 75 6 
4 66F 24 4 3 
5 25F 12 250 5 
6 20F 8 50 3 
7 48M 38 12 2 
8 38F 29 40 12 


Left atrial-left ventricular 
free wall accessory pathway 


Digoxin, propranolol, 
quinidine, disopyramide, 
procainamide 


——————————— —ÉÉÉÓÁÓÓÁÓÉÓÉÁ———————————— M—— € 
* In the year preceding stimulator implantation. ! Emergency room or hospital. 


A-V = atrioventricular. 


TABLE Il 


Clinical Features of Nine Patients With Ventricular Tachycardia 
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Induced 
Duration of Hospital Ejection Tachycardia Episodes 
Age (yr) Tachycardia Episodes Admissions Fraction Rate Preimplant 
Case & Sex (mo) (n) (n) Diagnoses (%) (beats/min) (n) 
9 56M 12 75 8 Coronary artery disease; 26 135 200 
previous inferior infarct 
10 34M 8 6 8 Hypertrophic cardiomyopathy 24 185 60 
11 42M 2 6 7 Coronary artery disease; 25 185 50 
previous inferior infarct 
12 49M 4 20 5 Congestive cardiomyopathy 25 185 20 
13 59M 42 8 8 Coronary artery disease; 35 210 70 
. previous inferior infarct 
14 60M 34 14 4 Coronary artery disease; 20 190 50 
previous anterior infarct 
15 63M 7 30 5 Coronary artery disease; 28 185 40 
previous anterior infarct 
and aneursymectomy 
16 66M 10 6 6 Coronary artery disease; 200 20 
previous infarction and à 
bypass surgery x 
17 62M 96 60 20 Coronary artery disease; 35 155 20 
previous infarction 
(indeterminate location) $ 
P e 
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nodal pathways in five patients, dual A-V nodal pathways plus 
enhanced A-V nodal conduction in one patient, a concealed 
septal accessory pathway in one patient, and an overt free wall 
accessory pathway in one patient. During the initial electro- 
physiologic study, tachycardia was repeatedly induced and 
terminated by means of programmed atrial stimulation and 
bursts of rapid atrial pacing. In each case, induction and ter- 
mination of tachycardia was possible from the right atrial 
appendage and coronary sinus. Additionally, no patient had 
electrophysiologic evidence of sinus nodal dysfunction or the 
induction of sustained atrial flutter-fibrillation during rapid 
atrial pacing. During the subsequent 24 to 72 hour period, 
electrophysiologic-pharmacologic testing with a temporary 
atrial pacing catheter failed to identify drug regimens that 
could prevent the induction of tachycardias in five of the eight 
patients. During this period, the efficacy of rapid atrial pacing 
for termination of tachycardia was repeatedly assessed. The 
three remaining patients did not undergo electrophysio- 
logic-pharmacologic testing because of previous failures with 
extensive empiric drug therapy. In these patients, the re- 
sponses observed with bursts of rapid atrial pacing during the 
initial electrophysiologic study were judged adequate for 
predicting the success of a permanently implanted radiofre- 
quency stimulator. 

Selection criteria included: (1) the presence of a “reen- 
trant" tachycardia that could be repeatedly induced and 
terminated by programmed electrical stimulation or rapid 
pacing, (2) normal sinus nodal function, and (3) termination 
of multiple episodes of tachycardia within one to three pacing 
bursts of 1 to 3 seconds in duration at rates 20 to 100 beats/min 
faster than the rate of tachycardia. The absence of anterograde 
preexcitation during invasive testing was initially considered 
a prerequisite for radiofrequency stimulator implantation. 
However, in one patient (Case 8) preexcitation at rest was 
subsequently proved on invasive study to result from a left 
atrial-left ventricular free wall accessory pathway that was 
utilized for retrograde conduction during supraventricular 
tachycardia. The anterograde functional and effective re- 
fractory periods proved long, and block occurred within the 
pathway at atrial paced rates of 120 beats/min or less so that 
the patient was judged a safe and suitable candidate for rapid 
atrial pacing with a permanently implanted radiofrequency 
stimulator. 

Ventricular tachycardia: Invasive electrophysiologic 
studies were performed in all nine patients for the purpose of 
diagnosis and characterization of the tachycardia. Ventricular 
tachycardia was repeatedly induced and terminated by pro- 
grammed ventricular stimulation and rapid ventricular pacing 
in all patients. Electrophysiologic-pharmacologic testing failed 
to identify symptomatically tolerable antiarrhythmic drug 
regimens that could prevent the induction of tachycardia. 
However, drug combinations were found that decreased the 
rate of ventricular tachycardia in all patients and increased 
the difficulty with which ventricular tachycardia could be 
induced. These drug regimens were considered “beneficial” 
through their action in facilitating the termination of tachy- 
cardia with slower stimulator rates. In five of the nine patients, 
electrophysiologic-pharmacologic testing was repeated, with 
identical results on subsequent rehospitalizations. 

Before the impiantation of a radiofrequency ventricular 
stimulator, temporary transvenous techniques were utilized 
for termination of an average of 59 (range 20 to 200) sponta- 
neous and induced episodes of ventricular tachycardia, 
without induction of ventricular fibrillation. All episodes of 
ventricular tachycardia could be terminated within three at- 
tempts of ventricular pacing for 1 to 3 seconds at rates less 
than 50 beats/min greater than the rate of tachycardia. On two 
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occasions in one patient (Case 13) before adequate drug 
treatment, entrainment or acceleration of ventricular tachy- 
cardia from 200 to 250 beats/min resulted from a burst of rapid 
ventricular stimulation. However, after identification of a 
“beneficial” antiarrhythmic drug combination through re- 
peated electrophysiologic-pharmacologic testing and with the 
use of slower stimulator rates, acceleration did not occur in 
more than 50 subsequent stimulator trials. Because of this 
observation and the desperate situation of the patient, a ra- 
diofrequency ventricular stimulator was implanted. Accel- 
eration of ventricular tachycardia, syncope or angina pectoris 
was not induced by rapid ventricular pacing in any other pa- 
tient. 


Pacemaker Systems 


With local anesthesia, a radiofrequency receiver (Medtronic 
5998-R) was attached to a transvenous lead system and im- 
planted in a standard prepectoral pocket. For atrial pacing, 
one patient received a bipolar coronary sinus pacing catheter 
inserted through the left cephalic vein. The remaining seven 
patients with supraventricular tachycardia received a bipolar, 
tined, atrial J lead positioned in the right atrial appendage. 
In three it was inserted by dissection of the right internal 
jugular vein, and in four it was inserted into the subclavian 
vein with use of a Seldinger technique. A standard bipolar 
ventricular pacing catheter was placed in eight patients with 
ventricular tachycardia. One patient with recurrent ventric- 
ular tachycardia received a bipolar endocardial screw-in 
electrode because of cardiomegaly and tricuspid insuffi- 
ciency. 

To initiate pacing, a hand-held radiofrequency transmitter 
(Medtronic 5998-T) is applied to the chest wall directly over 
the implanted receiver. When activated by depressing a but- 
ton, the transmitter generates a pulse-modulated radiofre- 
quency signal that is demodulated by the receiver and con- 
verted to pacing pulses at an externally adjusted frequency 
ranging from 50 to 400 beats/min. 

In the 3 to 4 day period after pacemaker implantation, the 
radiofrequency transmitter was utilized to terminate multiple 
episodes of tachycardia in all patients. In order to allow the 
patient and family members to familiarize themselves with 
the radiofrequency transmitter and gain experience with its 
use, multiple episodes of tachycardia were induced with the 
transmitter or by programmed atrial and ventricular stimu- 
lation using a temporary pacing catheter. During this initial 
postimplantation period, the effective stimulation rate and 
dismissal antiarrhythmic drug regimen were identified. Op- 
timal pacing rates were generally 20 to 50 beats/min faster 
than the intrinsic tachycardia and terminated the arrhythmia 
within one to three patient-activated bursts of 1 to 3 seconds 
in duration. Each patient continued to take antiarrhythmic 
medications to reduce the overall incidence of episodes of 
tachycardia and to reduce the rate of tachycardia, thereby 
facilitating termination through rapid stimulation. 


Results 


Supraventricular tachycardia (Table III): The 
implantation procedure and postoperative course were 
uncomplicated in all eight patients. There have been no 
acute or late dislodgments of the atrial lead systems or 
failure of the implanted radiofrequency receivers (mean 
follow-up time 16.6 months, range 5 to 28.5). All patients 
have terminated multiple episodes of tachycardia (range 
7 to 300 episodes) without requiring rehospitalization 
because of arrhythmia. One patient (Case 6) initially 
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TABLE Ill 
Follow-Up Data on Eight Patients With Supraventricular Tachycardia 
Postimplant Effective Episodes of 
Pacing Postimplant Drugs Tachycardia Stimulator Follow-Up Tachycardia 
Case Electrode and Dose (mg/day) Rate (beats/min) Rate (beats/min) (mo) Terminated (n) 
1 Coronary sinus* Digoxin, 0.25; 150 180 28.5 >125 
propranolol, 80 
2 Tined atrial Jt Propranolol, 80 160 200 26.5 >15 
3 Tined atrial J Digoxin, 0.25; 160 200 26 >200 
propranolol, 80 
4 Tined atrial J Propranolol, 240+ 140 170 20.5 >15 
5 Tined atrial J Digoxin, 0.25; 180 230 12 >300 
propranolol, 80 
6 Tined atrial J Digoxin, 0.25 150 200 7.5 >125 
7 Tined atrial J Digoxin, 0.25 180 210 7.0 6 
8 Tined atrial J Digoxin, 0.25 180 210 5.0 24 


* Model 6992 and ‘model 6990, Medtronic, Minneapolis, Minnesota. + Prescribed as treatment for hypertension. 


had inconsistent results of stimulation, in part because 
of inadequate durations of stimulation and suboptimal 
pacing rates. With further instruction, this patient has 
satisfactorily terminated more than 125 subsequent 
episodes of tachycardia. 

A second patient (Case 5) effectively utilized her 
stimulator to terminate more than 300 episodes of 
tachycardia within the initial 6 month follow-up period. 
However, because of a marked variability in the fre- 
quency of episodes, ranging up to 25 episodes daily, her 
radiofrequency receiver was electively replaced during 
the 8th month with an “automatic” antitachycardia 
pacemaker (Cybertach-60, Intermedics, Inc., Freeport, 
Texas). ° 

In each patient, the ability to terminate tachycardia 
electively and quickly has allowed a reduction in total 
antiarrhythmic drug dosage and consequently a re- 
duction in adverse drug effects. No patient has had 
syncope, sustained atrial flutter-fibrillation, ventricular 
arrhythmias or complications related to use of the ra- 
diofrequency system. A pronounced subjective im- 
provement in attitude and a sense of confidence and 
security have occurred in virtually all patients as they 
have learned to participate actively in the management 
of their arrhythmia. 

Ventricular tachycardia (Table IV): No compli- 
cations related to the implantation procedure have oc- 
curred in the nine patients. There have been no acute 
or late lead dislodgments or failure of implanted ra- 
diofrequency receivers in this group (follow-up period 
8.2 months, range 2 to 27). Syncope, ventricular fibril- 
lation, acceleration of ventricular tachycardia with 
hemodynamic collapse or other complications related 
to elective patient initiation of rapid ventricular pacing 
have not occurred. Three patients died suddenly; all 
deaths were witnessed and were not associated with use 
of the radiofrequency stimulator. Of these three pa- 
tients, one (Case 10) had terminated more than 50 epi- 
sodes of tachycardia while hospitalized and had suc- 
cessfully terminated one episode out of the hospital in 
the 1 month period before his death.!? A second patient 
(Case 12) had terminated 45 episodes of tachycardia 
while hospitalized and 6 episodes out of the hospital 
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before his death 4 1/2 months after implantation. A 
third patient (Case 13) had terminated multiple epi- 
sodes of tachycardia while hospitalized but had no re- 
currence of tachycardia in the 6 month period after 
stimulator implantation. The remaining six patients 
have terminated from 1 to over 1,000 episodes of ven- 
tricular tachycardia in a 2 to 27 month follow-up pe- 
riod. 

Continued multiple and complex antiarrhythmic 
drug regimens were required in all patients. Because of 
subsequent adverse effects, three patients required 
modification of their antiarrhythmic regimen as out- 
patients, which was facilitated by the presence of the 
radiofrequency stimulator. Only one patient (Case 12) 
has required rehospitalization for drug manipulation 
and arrhythmia control since implantation of the ra- 
diofrequency stimulator. 


Illustrative Cases 


Case 3: Supraventricular tachycardia: A 52 year old 
housewife with a 29 year history of recurrent supraventricular 
tachycardia was referred for evaluation. Increasing frequency 
of tachycardia (six to eight episodes monthly, rate 200 
beats/min, duration 3 to 12 hours) had required multiple 
hospitalizations and resulted in pronounced social disability 
during the preceding 1 year. Digitalis, propranolol and quin- 
idine administered singly and in combination failed to control 
the arrhythmia, which frequently required ipecac-induced 
vomiting at home or the intravenous administration of agents 
within the hospital for termination. Electrophysiologic study 
confirmed a concealed septal accessory pathway as the ret- 
rograde limb for a reentrant supraventricular tachycardia. 
Electrophysiologic-pharmacologic testing during and subse- 
quent to the initial electrophysiologic study failed to identify 
an effective antiarrhythmic drug regimen. 

On April 29, 1978, a radiofrequency receiver was implanted 
and attached to a tined atrial J electrode, which was positioned 
in the right atrial appendage. In the 3 to 4 day period after 
implantation, the radiofrequency system was used to induce 
and terminate multiple episodes of tachycardia for the pur- 
pose of educating the patient. In the 26 month period since 
implantation, she has terminated more than 200 episode& of 
spontaneously occurring tachycardia out of the hospital and 
has gained a sense of confidence in her ability to manage the 
arrhythmia. Recently, she purchased a second or “spare” 


hand-held radiofrequency transmitter to facilitate world 
travels previously prevented by refractory recurrent supra- 
ventricular tachycardia. 


Case 11: Ventricular tachycardia: Two years after an in- 
ferior wall infarction with subsequent stable angina pectoris, 
a 42 year old man had a 1 hour episode of sustained rapid heart 
beating while hunting. The tachycardia terminated sponta- 
neously before hospital admission; several days of observation 
excluded acute myocardial infarction. Two days after hospital 
discharge, he had rapid heart beating that was documented 
as ventricular tachycardia, (rate 185 beats/min) in a hospital 
emergency room. Despite the use of drugs, the arrhythmia 
persisted for approximately 8 hours before spontaneous ter- 
mination. After referral to the Mayo Clinic, angiography 
showed dilatation of the left ventricle with severe global hy- 
pokinesia, an ejection fraction of 25 percent and diffuse three 
vessel coronary artery disease. While in the hospital, the pa- 
tient had ventricular tachycardia on two occasions that re- 
quired placement of a temporary pacing catheter for termi- 
nation through programmed ventricular stimulation. Sub- 
sequent electrophysiologic-pharmacologic testing failed to 
identify drug regimens capable of preventing ventricular 
tachycardia, although multiple drug therapy reduced the in- 
trinsic rate of tachycardia to approximately 160 beats/min. 
Hospital discharge was followed within 24 hours by recurrent 
sustained ventricular tachycardia associated with pulmonary 
edema. In a hospital emergency room, ventricular fibrillation 
resulted from direct current countershock but was converted 
to sinus rhythm by a second countershock. After observation 


TABLE IV 


Follow-Up Data on Nine Patients With Ventricular Tachycardia 


Postimplant Drugs 

Case Pacing Electrode and Dose (mg/day)* 

9 Standard ventricular! Quinidine, 1,200; disopyramide, 
400; furosemide; 
spironolactone; isosorbide 

Mexiletine, 800; furosemide; 
digoxin; potassium chloride; 
hydrochlorothiazide; 
triamterene; allopurinol; 
warfarin 

Mexiletine, 900; disopyramide, 
800; digoxin; 
hydrochlorothiazide; 
triamterene; isosorbide; 
metoprolol; prazosin; warfarin 

Quinidine, 1,500; disopyramide, 
600; digoxin; 
hydrochlorothiazide; 
triamterene; warfarin 

Quinidine, 1,800; disopyramide, 
400; mexiletine, 600; digoxin; 
isosorbide dinitrate; 
hydrochlorothiazide; 
triamterene 

Quinidine, 1,200; mexiletine, 
800; isosorbide dinitrate; 
digoxin 

Quinidine, 1,200; disopyramide, 
400; furosemide 

Quinidine, 900; disopyramide, 
600; digoxin 

Quinidine, 1,200; procainamide, 
3,000; digoxin; furosemide 


10 Tined ventricular? 


11 Tined ventricular 


12-6 Tined ventricular 


13 Tined ventricular 


14 Screw-in ventricular$ 


15 Tined ventricular 
16 Tined ventricular 


e 17 Tined ventricutar 
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and remanipulation of antiarrhythmic drug therapy, thé pa- 
tient had another episode of sustained ventricular tachycardia 
as an outpatient. He was then rehospitalized for repeated 
ventricular stimulation, which again failed to identify a drug 
regimen capable of preventing the induction of ventricular 
tachycardia, although the combination of disopyramide and 
mexiletine proved beneficial in maintaining slower rates of 
ventricular tachycardia. 

On January 18, 1979, a radiofrequency receiver was im- 
planted in a prepectoral pocket attached to a transvenous 
ventricular pacing electrode. During the next 5 days, the pa- 
tient and his family members induced and terminated more 
than 25 episodes of sustained ventricular tachycardia using 
the stimulator for brief bursts of rapid ventricular pacing. 
During the 17.5 month period since hospital discharge, he has 
terminated more than 50 episodes of sustained ventricular 
tachycardia without complication. Rehospitalization for 
management of arrhythmia has not been required. One week 
after hospital discharge, the patient returned to work and has 
continued full-time employment. 


Discussion 


The electrophysiologic bases for sustained tachy- 
cardias have been well described.!9!? Because most 
clinically significant supraventricular tachycardias re- 
sult from a reentry mechanism utilizing either dual A-V 
nodal pathways or an A-V accessory pathway, precisely 
timed bursts of rapid stimuli to the atria usually can 
enter and depolarize portions of the reentry circuit and 


Postimplant Effective Episodes of 
Tachycardia Stimulator Follow-Up Tachycardia 
Rate (beats/min) X Rate (beats/min) (mo) Terminated (n) 

115 135 27 21,000 
160 200 1! 1 
160 200 17.5 >50 
140 180 4.5! 6 
160 200 e! 0 
165 215 7.5 48 
150 180 6 4 
140 185 2.5 2 
140 185 2 1 


* Dose given only fog antiarrhythmic drugs. ' Model 6904, + model 6962, 8 model 6954, Medtronic, Minneapolis, Minnesota; ! died. 
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lead to termination of the arrhythmia. Similarly, many 
sustained ventricular tachycardias appear to result from 
reentry within or adjacent to a zone of myocardial 
scarring or within the bundle branches themselves. 
These forms of ventricular tachycardia also may be 
terminated by properly timed electrical stimuli or bursts 
of rapid ventricular pacing. 

Rapid atrial stimulation for supraventricular 
tachycardia: Until recently, the chronic use of rapid 
atrial pacing techniques for termination of supraven- 
tricular tachycardia has been limited because of a 
widespread lack of electrophysiologic expertise for in- 
vestigation of patients with tachycardias. Thorough 
electrophysiologic study has proved imperative for the 
proper selection of patients.?9?! A second major factor 
preventing the use of rapid atrial pacing techniques has 
been the absence of a suitable, stable atrial pacing 
electrode for chronic implantation. To date, thoracot- 
‘omy for attachment of epicardial electrodes has been 

performed in most patients receiving implanted ra- 
diofrequency atrial stimulators.29?! The procedure itself 
has been the major deterrent for the use of this treat- 
ment in patients who might otherwise be ideal candi- 
dates. 

Recently introduced, the tined atrial J lead is a sig- 
nificant improvement in atrial pacing and, in our 
practice, is the lead of choice for patients with supra- 
ventricular tachycardias. In the absence of a right atrial 
appendage, as in postsurgical situations, the bipolar 
coronary sinus electrode can be used effectively. This 

electrode system probably should be avoided as an 
elective first choice because of the possibility of inad- 
vertent high rate ventricular stimulation. Newer 
transvenous atrial electrodes utilizing other means for 
fixation may prove equally effective. Ideally, the atrial 
electrode utilized for radiofrequency stimulation should 
achieve low stimulation and sensing thresholds, par- 
ticularly because of technologic advances that may allow 
future implantation of fully automatic antitachycardia 
pacemakers. Practically, however, the general inability 
to influence atrial pacing thresholds by repositioning 
of the atrial J or coronary sinus catheter is of little 
consequence because of the high output of the radio- 
frequency stimulator (potentially a maximum of 9 V 
and 18 mA). Because the radiofrequency system func- 
tions asynchronously, identification of a maximal- 
sensed P wave amplitude is not important for final po- 
sitioning of the catheter. 

Because of the bipolar design of the implanted ra- 
diofrequency receiver, we have chosen to use a bipolar 
pacing catheter in all patients. If the catheter is attached 
in a unipolar mode, local skeletal muscle stimulation 
might be expected to occur because of the relatively high 
voltage and current output. In contrast to others,2° we 
have not seen a need to intentionally cause local skeletal 
muscle stimulation, thereby facilitating patient recog- 
nition that the system is working properly. The sim- 
plicity of the radiofrequency system, its lack of intrinsic 
sensing circuitry, small size, absence of implanted power 
supply requiring periodic replacement, and low cost 
compared with that of conventional pacemakers have 
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proved attractive features, despite the need for patient 
interaction. 

Rapid ventricular stimulation for ventricular 
tachycardia: Obviously, the clinical features of patient 
candidates suitable for radiofrequency ventricular 
stimulation differ from those of patients with supra- 
ventricular tachycardia. Most patients will have asso- 
ciated serious underlying organic heart disease, addi- 
tional restricting cardiac symptoms and a limited 
prognosis for survival. The implantation of a ventricular 
stimulator in this group of patients can be considered 
only an adjunctive therapy intended to facilitate man- 
agement of seriously ill patients who will require close 
continued follow-up and management. Many of these 
patients will die suddenly or have cardiac arrhythmias 
not amenable to treatment with bursts of ventricular 
pacing. This technique cannot be offered or intended 
as a means of prolonging life or preventing the occur- 
rence of sudden death in this high risk group. 

In our experience, patients who are candidates for a 
ventricular stimulator have had multiple spontaneous 
recurrences of sustained ventricular tachycardia that 
were reasonably well tolerated hemodynamically. Most 
have coronary artery disease with previous myocardial 
infarction. We believe that, in this group of patients, 
electrophysiologic study is mandatory and requires at 
least a single temporary pacing catheter combined with 
extensive programmed ventricular stimulation. Despite 
extensive invasive study, most patients with recurrent 
ventricular tachycardia will prove not to be candidates 
for a radiofrequency stimulator. In this regard, the nine 
patients reported on herein represent only 6 percent of 
140 patients undergoing invasive electrophysiologic 
study by one of us (G.O.H.). In general, repeated epi- 
sodes of stable ventricular tachycardia should be in- 
duced and terminated, without demonstrated proclivity 
toward acceleration or ventricular fibrillation during 
a period of days. 

Most patients undergoing invasive electrophysiologic 
study for assessment of recurrent ventricular tachy- 
cardia proved inappropriate for treatment with this 
pacing modality. Reasons for exclusion included the 
induction of rapid ventricular tachycardia with hemo- 
dynamic collapse, acceleration of ventricular tachy- 
cardia or initiation of ventricular fibrillation during 
attempted burst termination, inability to operate the 
radiofrequency unit reliably and intolerance to'drugs 
required to slow or stabilize an induced arrhythmia. 
However, electrophysiologic study in this group of pa- 
tients frequently facilitated alternative therapeutic 
choices including treatment with unconventional 
antiarrhythmic drug combinations, investigational 
antiarrhythmics drugs and intraoperative electro- 
physiologic mapping with excision of sites of reentry. 
In our experience, continued antiarrhythmic drug 
therapy has been essential for the successful use of im- 
planted radiofrequency ventricular stimulators. Rarely, 
ventricular tachycardia may slow yet become mote 
difficult to terminate in response to antiarrhythmic 
drugs. Electrophysiologic-pharmagologic testing has 
proved essential for the identification of such patients 


and of drug regimens that "stabilize" and slow induced 
ventricular tachycardias while facilitating the use of 
rapid stimulation. 

Although a theoretical problem, stimulation of the 
ventricle by relatively high current and voltage outputs 
generated by the radiofrequency system has not re- 
sulted in ventricular fibrillation. We have attempted to 
predict this potential response in candidates for im- 
planted stimulators by using similar high output set- 
tings on the temporary stimulator during initial elec- 
trophysiologic assessment. However, in no case have we 
noted different responses to programmed or rapid 
ventricular stimulation performed at high output set- 
tings, compared with the more usual setting of twice 
diastolic threshold. 

Patient education and problems: The use of pa- 
tient-activated stimulators for termination of both su- 
praventricular and ventricular tachycardias requires 
extensive education of the patients. During the period 
of electrophysiologic investigation and immediately 
after stimulator implantation, all patients have been 
repeatedly instructed in peripheral pulse assessment, 
during both normal sinus rhythm and induced tachy- 
cardias. In some patients, the decreased rate of tachy- 
cardia resulting from concomitant drug administration 
has resulted in less hemodynamic embarrassment and 
consequently a delayed recognition of tachycardia. 
However, in all but one patient, experience with spon- 
taneous tachycardias and multiple induced episodes has 
been adequate for recognition of tachycardia. One pa- 
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tient with ventricular tachycardia required a home 
telephone transmission system because of occasional 
uncertainties regarding his heart rhythm that resulted 
in part from sensory impairments caused by a cere- 
brovascular accident. 

Ambulatory monitoring has proved of limited value 
in the postimplantation follow-up study of this group 
of patients. The vast majority of patients with sustained 
reentrant ventricular tachycardia are able to identify 
accurately the onset of sustained arrhythmia. The rel- 
atively low frequency of sustained ventricular tachy- 
cardia makes it unlikely that a 24 hour recording will 
capture the event. However, an ancillary goal in this 
group of patients is a reduction in the incidence of epi- 
sodes of sustained tachycardia requiring patient inter- 
vention. Consequently, ambulatory monitoring may 
prove useful in identifying frequent spontaneous ven- 
tricular ectopy capable of initiating sustained reentrant 
ventricular tachycardia. 

Implications: Patient-initiated radiofrequency rapid 
stimulation of the heart can be effectively utilized in 
well characterized and selected patients who have atrial 
or ventricular tachycardias. Although this technique will 
never be required in a large number of patients, certain 
patients may benefit greatly. Improved designs of 
pacing catheters and the ability to perform sophisti- 
cated invasive electrophysiologic assessments make 
patient-initiated stimulation another option for the 
treatment of paroxysmal supraventricular and ven- 
tricular tachycardias. 
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Nitrates, predominantly venodilators, are commonly used in the treatment 
of angina pectoris, whereas hydralazine, a potent systemic and coronary 
arterial vasodilator, is usually contraindicated. Hydralazine might be useful 
in therapy of angina if tachycardia could be prevented by beta adrenergic 
blockade. Consequently, treadmill exercise tolerance was determined 
in 20 patients with chronic stable angina during treatment with oral pro- 
pranolol, 60 mg four times daily (control), propranolol plus 20 mg of oral 
isosorbide dinitrate, propranolol plus 100 mg of oral hydralazine, and all 
three drugs combined. The mean heart rate at rest in patients receiving 
propranolol was 54.0 + 1.7 beats/min (mean + standard error of the 
mean). It increased 6.8 beats/min with the addition of hydralazine (p 
<0.005) and 7.2 beats/min with isosorbide dinitrate and hydralazine 
combined (p <0.005), but was unchanged with isosorbide dinitrate alone. 
Systolic blood pressure decreased 13.5 mm Hg with isosorbide dinitrate 
(p <0.05) and 28.3 mm Hg with isosorbide dinitrate and hydralazine 
combined (p <0.005), but did not change significantly with hydralazine 
alone (average decrease 4.1 mm Hg). The mean duration of exercise 
increased by 24.1 seconds with isosorbide dinitrate (p <0.05), and almost 
twice that (42.4 seconds longer than the control value) with isosorbide 
dinitrate and hydralazine (p <0.005). With hydralazine alone, exercise 
duration was decreased by 24.7 seconds (p <0.05). Rate-pressure 
product at symptom-tolerated maximal exercise was unchanged with 
isosorbide dinitrate or hydralazine alone, but lower than the control value 
with the two agents combined. It is concluded that isosorbide dinitrate 
improves exercise tolerance in patients with angina who are being treated 
with propranolol, but hydralazine remains detrimental despite the use of 
the beta blocking agent. However, when isosorbide dinitrate is combined 
with hydralazine, the detrimental effects of hydralazine on exercise tol- 
erance are reversed. 


Nitrates have long been one of the best means of treating angina péctoris. 
Beneficial effects occur with nitrates although they are predominantly 
venodilators and have only a modest effect on systemic arterioles. In 
contrast, hydralazine, a systemic arteriolar vasodilator with potent 
coronary vasodilator properties,? is generally contraindicated in pa- 
tients with coronary artery disease because it has been noted to precip- 
itate angina or myocardial infarction.?4 These deleterious effects are 
thought to result at least in part from an increase in heart rate induced 
by hydralazine. 

We postulated that if the tachycardia produced by hydralazine could 
be prevented by beta adrenergic blockade, hydralazine might be bene- 
ficial in coronary artery disease. It could decrease afterload and conse- 
quently reduce myocardial oxygen demand, and the direct vasodilatation 
of the coronary arteries might improve myocardial blood flow. Addi- 
tionally, hydralazine was recently used in the treatment of congestive 
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heart failure, even when the cause was ischemic heart 
disease. Thus, if myocardial dysfunction is present, 
hydralazine might provide additional benefit by im- 
proving left ventricular performance. 

This study was therefore designed to answer several 
questions about vasodilator therapy in patients with 
chronic stable angina: (1) Can propranolol, in usual 
clinical doses, prevent hydralazine from exacerbating 
angina? (2) Does the addition of hydralazine improve 
exercise tolerance in the presence of beta adrenergic 
blockade? (3) Is there a difference in exercise ability 
when hydralazine therapy is compared with isosorbide 
dinitrate therapy in patients receiving propranolol? (4) 
Does the combination of hydralazine and isosorbide 
dinitrate have any greater beneficial effect on exercise 
tolerance than either agent alone when used in patients 
receiving propranolol? 


Methods 


Informed consent was obtained from 20 men with chronic 
stable angina pectoris whose ages ranged from 42 to 66 years 
(mean 56.7). Evidence for ischemic heart disease included a 
positive treadmill exercise test (19 patients) or arteriographic 
evidence of greater than 60 percent obstruction of at least two 
major coronary arteries (12 patients), or both. Ten patients 
had documented electrocardiographic or serum enzyme 
changes, or both, of previous myocardial infarction. 

Criteria for exclusion were: (1) Acute myocardial infarction 
within the preceding 4 months; (2) clinical or radiographic 
evidence of congestive heart failure; (3) hypertension requiring 
more than the use of propranolol and a diuretic agent for ad- 
equate control; (4) second or third degree atrioventricular 
block; (5) bronchial asthma; (6) the presence of other cardiac 
or systemic disease that would limit exercise capacity; and (7) 
previous cardiac surgery. 

Treatment protocol: Sixteen of the 20 patients were taking 
long-acting oral nitrate preparations, and these drugs were 
withdrawn at least 24 hours before entry into the study. Al- 
though it is possible that “nitrate withdrawal" might affect 
exercise tolerance in these patients, the randomized study 
design ensured that this effect would be unlikely to influence 
the final results. All patients were given propranolol in a dose 
of 60 mg orally four times daily during the entire study. Ni- 
troglycerin was available for treatment of any episode of an- 
gina, but in no instance was it required during the 10 hours 
preceding each exercise test. With the exception of one patient 
who was continued on maintenance therapy with quinidine, 
no patient was taking other cardiovascular medications during 
the study. 

Patients were evaluated according to a randomized dou- 
ble-blind design for the first 3 study days and a single-blind 
design for the 4th day. On days 1, 2 and 3, patients were given 
in random order a single dose in tablet form of placebo, hy- 
dralazine (100 mg orally) or isosorbide dinitrate (20 mg orally). 
These tablets were crushed, and administered with the pa- 
tient's first morning dose of propranolol in 240 ml of orange 
juice. Acetaminophen (650 mg) was administered concomi- 
tantly with the isosorbide dinitrate to prevent headache. On 
the 4th day each patient received both isosorbide dinitrate and 
hydralazine in addition to the propranolol. This sequence was 
adopted to ensure that each patient could tolerate hydralazine 
afid isosorbide dinitraté separately, before they were given 
together. | 

Exercise testing; Propranolol has a peak blood concen- 
tration 1 to 1 1/2 hours after an oral dose, with a half-life of 2 
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to 3 hours.® Hydralazine has a peak concentration 1 to 2 heurs 
after an oral dose," and a half-life of 2.0 to 7.8 hours.® Isosor- 
bide dinitrate has a peak effect 30 minutes after an oral dose, 
which has been shown to increase exercise tolerance up to 3 
hours.? We therefore performed the exercise testing 2 hours 
after administration of the study drugs when all drugs would 
be at effective serum concentrations. 

Multistage upright exercise testing was performed with 
the use of a treadmill according to the procedure of Bruce and 
Hornsten.!? Seven lead electrocardiograms were recorded at 
rest, and a modified Blackburn lead system!! combined with 
an inferior lead was used during exercise. The systolic blood 
pressure was determined using an external cuff and Korot- 
koff's sounds. The rate-pressure product was calculated as the 
product of the heart rate and systolic blood pressure. Elec- 
trocardiographic evidence of ischemia was defined as flat or 
downsloping S-T segment depression of 1 mm or greater 80 
ms after the J point. Heart rate and blood pressure were 
measured at each minute of exercise and during the last 10 
seconds of exercise. Exercise was performed in the morning 
after 10 to 12 hours of overnight fasting and abstinence from 
smoking. 

Patients were instructed to grade chest pain during the 
exercise test into five categories so that grade 0 would be no 
pain and grade 1 minimal chest pain. Grade 2 would represent 
about 50 percent of the patient's most severe pain, or pain of 
sufficient severity that the patient would usually stop exercise 
and take a nitroglycerin tablet. Grade 4 would be the patient's 
most severe pain, and grade 3 between grades 2 and 4. This 
grading system has been shown to give reproducible exercise 
tolerance levels in patients with angina.'? 

All patients exercised to symptom-tolerated maximal ex- 
ercise consisting of either grade 2 chest pain or inability to 
continue because of dyspnea or leg fatigue, or both. In one 
instance, exercise was discontinued early because of the de- 
velopment of three beats of ventricular tachycardia which 
ended spontaneously. 

Statistics: Statistical analysis was performed using analysis 
of variance for repeated measures on the same elements.!? 
Differences were considered statistically significant for 
probability (p) values of less than 0.05. Mean data are pre- 
sented with the standard error of the mean. 


Results 


There were no complications during the study and it 
was not necessary to discontinue treatment with any 
drug because of intolerable effects. However, patients 
frequently complained of fatigue and lassitude, which 
were more common with isosorbide dinitrate than with 
hydralazine, and most prominent with the two com- 
bined. Headache was occasionally reported with use of 
isosorbide dinitrate. 

Resting heart rate and blood pressure: Table ] 
summarizes data for heart rate, systolic blood pressure 
rate pressure product and duration of exercise. Data at 
rest, immediately before exercise, at 3 minutes of ex: 
ercise, and at symptom-tolerated maximal exercise art 
included. The resting dàta are presented in Figure 1 
Heart rate at rest was 54.0 + 1.7 beats/min with pro: 
pranolol therapy. It increased an average of 6.8 beats, 
min with the addition of hydralazine (p <0.005) and 7: 
beats/min with the combination of hydralazine anc 
isosorbide dinitrate (p <0.005). There was no change it 
resting heart rate with propranolol and isosorbide di 
nitrate alone. 
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TABLE | 


Response of Heart Rate, Systolic Blood Pressure, Rate-Pressure Product and Duration of Exercise During Treatment With 
Propranolol Alone (Control) and With the Addition of Hydralazine, Isosorbide Dinitrate, or Both (mean values + standard 
error of the mean) 
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Isosorbide 
Isosorbide Dinitrate 
Control Dinitrate Hydralazine + Hydralazine 
At Rest 
Heart rate (beats/min) 54.0 + 1.7 54.1 t 1.8 60.8 + 1.8 61.2 + 1.01 
Blood pressure (mm Hg) 124.8 + 5.3 111.3 + 4.21 120.8 + 5.2 96.5 + 2.7! 
Rate-pressure product (+ 1000) 6.67 + 0.29 5.94 + .20t 7.25 + .25i 5.89 + 0.241 
3 Minutes of Exercise 
Heart rate (beats/min) 85.4 t 2.3 84.1 + 2.0 87.8 + 2.3! 84.9 + 2.3 
Blood pressure (mm Hg) 131.3 + 4.7 120.8 + 3.5 128.4 + 4.5 111.2 + 2.91 
Rate-pressure product (+1000) 11.17 + 0.45 10.16 + 0.371 11.24 + 0.37 9.41 + 0.321 
Symptom-Tolerated Maximal Exercise 
Heart rate (beats/min) 98.0 + 2.5 99.1 2.2 96.9+ 2.6 100.3 + 2.7 
Blood pressure (mm Hg) 134.4 + 5.2 129.5 + 4.2 130.9 + 4.5 117.4 + 3.4 
Rate-pressure product (+ 1000) 13.13 + 0.56 12.82 + 0.57 12.62 + 0.45 11.80 + 0.51 
Duration of exercise (s) 303.7 + 12.6 327.8 + 16.3* 279.0 + 14.6* 346.1 + 14.3! 


*'^^* Significant differences from control value: * = probability (p) «0.05, t = p <0.025, ł = p «0.005. 


Resting systolic blood pressure decreased by an av- 
erage of 13.5 mm Hg with isosorbide dinitrate (p 
<0.005) and 28.3 mm Hg with isosorbide dinitrate and 
hydralazine combined (p <0.005). The 14.8 mm Hg 
difference between the two regimens was significant (p 
<0.005). There was a slight and statistically insignifi- 
cant decrease of 4.1 mm Hg in resting systolic blood 
pressure with hydralazine alone. 
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'IGURE 1. Mean values (+ standard error of the mean) for heart rate, 
ystolic blood pressure and heart rate-blood pressure product (HR X 
3P), immediately before treadmill exercise for control (C) and during 
herapy with isosorbide dinitrate (I), hydralazine (H), and isosorbide di- 
litrate-hydralazine combination (I + H). *** indicates the difference 
rom'the control value is significant at.p «0.005. 
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Resting diastolic pressure (not shown in Table I) was 
80.4 + 2.5 mm Hg during the control period, 74.0 + 2.0 
mm Hg with isosorbide dinitrate, 76.8 + 2.3 mm Hg with 
hydralazine and 66.6 + 2.1 mm Hg with isosorbide di- 
nitrate and hydralazine combined. The 6.4 mm Hg av- 
erage decrease in diastolic blood pressure with isosor- 
bide dinitrate was significant (p «0.01), but the 3.6 mm 
Hg decrease with hydralazine was not significant. The 
lower diastolic blood pressure during the combination 
therapy was different from the control level (p «0.001), 
and was also significantly lower than with either hy- 
dralazine or isosorbide dinitrate alone (p «0.001 and p 
«0.005, respectively). Unfortunately, because of diffi- 
culty in obtaining accurate diastolic blood pressures 
during treadmill walking, we do not have complete data 
on diastolic blood pressure during exercise. 

Resting rate-pressure product decreased signifi- 
cantly with isosorbide dinitrate (p «0.005) and with the 
hydralazine-isosorbide dinitrate combination (p 
<0.005), but increased with hydralazine alone (p «0.005 
compared with the control value). 

Effects of exercise: Data at 3 minutes of exercise are 
presented in Figure 2. None of the drug combinations 
caused a clinically significant increase in heart rate at 
3 minutes of exercise. The 2.4 beat/min increase in heart 
rate at 3 minutes observed with hydralazine was sta- 
tistically (p <0.025) but not clinically significant. 

The control level of systolic blood pressure at 3 
minutes of exercise was 131.3 + 4.7 mm Hg. This value 
did not change significantly with hydralazine, but de- 
creased 10.5 mm Hg with isosorbide dinitrate and 20.1 
mm Hg with isosorbide dinitrate and hydralazine 
combined (both significant [p «0.005]). The additional 
decrease in systolic blood pressure obtained with isq- 
sorbide dinitrate and hydralazine in combination was 
significant in comparison with isosorbide dinitrate alone 
(p <0.005). This pattern of change in'blood pressure was 


similar to that noted at rest. a 7d 





Rate-pressure product at 3 minutes of exercise was 
decreased with both isosorbide dinitrate and with iso- 
sorbide dinitrate plus hydralazine (p «0.005 for both), 
but was unchanged with hydralazine alone. 

The data at maximal exercise are shown in Figure 
3. Heart rate at maximal exercise remained unchanged 
from the control value with each drug regimen. Systolic 
blood pressure and the rate-pressure product were 
significantly decreased from control values only by the 
combination of isosorbide dinitrate and hydralazine (p 
«0.005 for both). 

The mean duration of exercise increased significantly 
by 24.1 seconds over the control value with isosorbide 
dinitrate (p «0.05) and by 42.4 seconds with isosorbide 
dinitrate plus hydralazine combined (p «0.005), but the 
difference between these two treatments was not sig- 
nificant. Hydralazine resulted in a 24.7 second average 
decrease in exercise duration compared with the control 
value (p <0.05). 


Discussion 


Previously reported studies: Several studies!4-?? 
have examined the effects of beta receptor blockade 
combined with nitrate therapy on exercise tolerance in 
patients with stable angina pectoris. However, in some 
studies the combination did not improve exercise tol- 
erance, whereas in others benefit was apparent. This 
inconsistency, plus the widespread use of oral isosorbide 
dinitrate and propranolol in the United States, helped 
provide the impetus for performing this study. 


3 MINUTES EXERCISE 
95 


pu T 


HR (beats/min) 
œ 
on 


75 
140 
2 We: ui ae 
E 120 + 
E m E dela 
a 
e © IOO 
12000 


HR x BP 
O 
O 
© 
O 


HH KE 


C | H l+H 


FIGURE 2. Mean values (+ standard error of the mean) for heart rate 
(HR), systolic blood pressure (BP) and heart rate-blood pressure product 
(HR X BP) at 3 minutes of exercise for control (C) and during therapy 
with isosorbide dinitrate«(l), hydralazine (H), and isosorbide dinitrate- 
hydralazine combination (I + H). ** indicates the difference from control 
is signifigant at p <0.025 and *** at p <0.005. 
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Goldbarg et al.!4 studied patients with stable angma 
given placebo, isosorbide dinitrate, 10 mg orally, pro- 
pranolol, 40 mg orally, and propranolol combined with 
isosorbide dinitrate. They found no significant differ- 
ence in exercise tolerance with any of these drugs com- 
pared with placebo. Unfortunately, they did not report 
the relation between the time of the last dose of isosor- 
bide dinitrate and the time of treadmill exercise. Two 
separate studies by Aronow and Kaplan,!?/!? using the 
combination of isosorbide dinitrate, 5 mg sublingually 
and then orally, and propranolol, 40 mg orally, showed 
no significant difference in exercise-induced angina 
whether either drug alone, placebo or the combination 
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FIGURE 3. Mean values (+ standard error of the mean) for duration of 
exercise, heart rate, systolic blood pressure and heart rate-blood 
pressure product (HR X BP) at symptom-tolerated maximal (MAX) ex- 
ercise for control (C) and during therapy with isosorbide dinitrate (l), 
hydralazine (H) and isosorbide dinitrate-hydralazine combination (I+ 
H). * indicates the difference from control is significant at p «0.05 and 
*** at p «0.005. T 
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was given. It is now known that this dose of isosorbide 
dinitrate may be too small for adequate and sustained 
response, whereas larger doses of oral nitrate improved 
exercise tolerance in patients with angina.9.17.18 

In contrast, Russek!? demonstrated a synergistic ef- 
fect on exercise tolerance when isosorbide dinitrate, 5 
mg sublingually, and propranolol, 40 to 80 mg orally, 
were used together. Kappenberger et al.?? found that 
20 mg of isosorbide dinitrate orally tended to increase 
duration of exercise when added to oral propranolol, 60 
mg, or tolamolol, 300 mg, but this increase was not sta- 
tistically significant. Similarly, Battock et al.?! showed 
a greater increase in exercise performance with the 
combination of oral isosorbide dinitrate, 10 mg, and oral 
propranolol, 20 to 60 mg, than with either drug alone, 
but again the difference between the drug regimens was 
not statistically significant. Adolfsson et al.?? showed 
a synergistic action on work performance and a delay 
in the onset of chest pain when pindolol, 2 mg orally, and 
isosorbide dinitrate, 5 mg orally, were administered. 

Efficacy of combined nitrate and propranolol 
therapy: Our data confirm the efficacy of adding oral 
nitrate therapy in adequate dosage to the medical reg- 
imen of patients with angina receiving beta blockade 
with propranolol. Because our patients did not have an 
exercise study during treatment with nitrates alone, or 
with no therapy at all, we cannot determine whether the 
effects of the two drugs are synergistic or only additive, 
but our data demonstrate that the agents are effective 
when used together. 

Beneficial effects have been demonstrated in at least 
two studies when nitroglycerin is combined with a beta 
blocking agent. MacAlpin et al.?? reported a synergistic 
effect on exercise tolerance using 100 mg of oral pro- 
nethalol and nitroglycerin together in 11 patients with 
coronary artery disease. A favorable hemodynamic 
synergism was noted by Weiner et al.?4^ with the com- 
bination of propranolol, 10 mg intravenously, and 0.6 
mg of nitroglycerin. Tachycardia and an increase in the 
first derivative of left ventricular pressure (dP/dt) oc- 
curred with nitroglycerin, but this effect was eliminated 
when propranolol was added. The nitroglycerin effect 
of decreasing left ventricular end-diastolic pressure and 
pulmonary arterial pressure was unchanged with the 
addition of propranolol. 

It is likely that the therapeutic efficacy of combining 
a beta blocking agent with oral isosorbide dinitrate oc- 
curs because of potentiation of effects that decrease 
myocardial oxygen demand, whereas adverse effects 
that tend to increase myocardial oxygen demand are 
canceled. For example, the tendency for propranolol to 
produce ventricular dilation?5?6 is offset by a decrease 
in ventricular size mediated by nitrates.?927 Propranolol 
tends to increase peripheral vascular resistance, whereas 
nitrates have the opposite effect.28 Similarly, the in- 
crease in tension-time index and left ventricular end- 
diastolic pressure produced by propranolol are de- 
creased by nitroglycerin.?*?5 Propranolol decreases the 
difference in the lactate/pyruvate ratio between coro- 
nary venous and arterial blood, whereas isosorbide di- 
nitrate raises it.?? In contrast, propranolol prevents the 


oxygen-wasting tachycardia and increased left ven- 
tricular dP/dt induced by nitrates.24 Both agents work 
together to decrease systemic blood pressure, reduce 
venous return and decrease shortening and velocity of 
shortening of ventricular fibers.28 Thus, the total effect 
of concurrent administration of both agents allows ex- 
pression of the favorable effects, and cancels out the 
adverse effects each drug has on myocardial oxygen 
consumption. The net benefit could exceed the sum of 
the responses evoked when the two drugs are adminis- 
tered independently. 

Detrimental effects of hydralazine in ischemic 
heart disease: Although previous studies suggesting 
that hydralazine is detrimental in patients with isch- 
emic heart disease were not designed to examine this 
adverse effect specifically, we believed the evidence was 
strong enough that a trial of hydralazine without con- 
comitant beta blockade was not warranted. It is evident 
from our data not only that the use of a beta blocking 
agent was unsuccessful in allowing hydralazine to pro- 
duce beneficial effect, but also that hydralazine was 
actually detrimental even in combination with pro- 
pranolol. The reason for this result may be explained 
by noting the effects on heart rate and blood pressure. 
Hydralazine had minimal effect on blood pressure when 
it was added to propranolol, even though the dose (100 
mg) should have been well within the therapeutic range. 
Heart rate increased in our patients despite propranolol. 
Thus, myocardial oxygen demand at rest was increased, 
and any coronary vasodilator activity was probably in- 
adequate to offset this effect. 

It might also be postulated that the coronary vasod- 
ilating action of hydralazine could be producing a 
“coronary steal,” shunting more myocardial blood flow 
through nondiseased responsive coronary arteries at the 
expense of flow through stenotic vessels supplying 
ischemic zones. It is also possible that a decrease in di- 
astolic pressure (effective coronary perfusion pressure) 
could result in decreased exercise with hydralazine, but 
the minimal changes in diastolic pressure we noted with 
hydralazine at rest makes this unlikely. 

Effect of therapy on heart rate: It might be argued 
that we did not completely suppress hydralazine-in- 
duced tachycardia with propranolol because adequate 
beta receptor blockade was not attained in our patients. 
Velasco et al.?? demonstrated in hypertensive patients 
that the heart rate response to hydralazine wat dose- 
dependent and that the dose-response curve was shifted 
to the right by propranolol. Thus, it is possible that the 
increase in heart rate we observed might not have oc- 
curred had the dose of hydralazine been smaller or that 
of propranolol larger. Because hydralazine in combi- 
nation with propranolol has well documented efficacy 
for reducing blood pressure in hypertensive patients, 
one is led to speculate that altered responsiveness in 
normotensive patients is attained compared with that 
in patients with hypertension. 

Coltart and Shand?? showed, that the greatest me- 
duction in the tachycardia of strenuous exercise was 
associated with plasma propranolol levels of 40 to 50 
ng/ml after administration of a single oral dose. They 
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also suggested that plasma levels of greater than 30 
ng/ml should be attained by at most 160 mg/day, and 
a significant degree of beta blockade should be present 
at smaller doses. Bodem et al.?! observed maximal in- 
hibition of exercise tachycardia with a blood level of 
propranolol of 100 ng/ml after administration of oral 
propranolol. Alderman et al.?? studied 23 patients on 
chronic propranolol therapy and noted mean plasma 
propranolol levels of 67 ng/ml with a 160 mg/day dose 
and 173 ng/ml with a 320 mg/day dose. Our patients 
were maintained on propranolol, 240 mg daily, 
throughout the study, and therefore, on the basis of the 
preceding data, should have achieved an adequate 
serum level to produce maximal or near maximal beta 
adrenergic blockade. The low resting and exercise heart 
rates of our patients during the exercise studies with 
propranolol alone support this conclusion. 

Heart rate increased in our patients when hydralazine 
was added to propranolol even though there was only 
a minimal decrease in blood pressure. This finding 
suggests that the increase in heart rate was not a reflex 
tachycardia secondary to a lower blood pressure. The 
precise mechanism (or mechanisms) by which hydral- 
azine increases heart rate remains unclear, even in re- 
cent studies.?? 

Despite the adverse effect on exercise tolerance that 
occurred when hydralazine was added to propranolol, 
exercise improved with propranolol, hydralazine and 
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isosorbide dinitrate together. This finding suggests«that 
the isosorbide dinitrate in some way reduces or elimi- 
nates the adverse effect obtained when hydralazine 
alone is used with propranolol. The dramatic decrease 
in blood pressure that occurred with the combination 
of all three drugs could account for this effect. However, 
because this combination was given in nonrandom order 
and occurred last in each patient, we cannot exclude a 
possible training effect as contributing to the improved 
exercise tolerance with this combination. 

Role of hypertension: It should be emphasized that 
patients with significant hypertension were specifically 
excluded from our study. Hydralazine in combinatior 
with propranolol may be more efficacious in patient: 
with angina who have hypertension than in those witl 
normal blood pressure. From our data one could spec 
ulate that hypertensive patients with ischemic hear 
disease might respond well to a combination of hy 
dralazine, an oral nitrate and a beta blocking agent 
However, a long-term controlled clinical trial would bi 
necessary to support the therapeutic efficacy of thi: 
combination therapy. 
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The effects of verapamil, 0.145 mg/kg body weight, administered intra- 
venously in a bolus injection followed by 0.005 mg/kg per min, on car- 
diovascular hemodynamics and on ventricular ejection fraction, deter- 
mined with gated cardiac blood pool scanning, were studied in 25 patients, 
8 with acute myocardial infarction and 17 with symptomatic coronary 
artery disease who were undergoing diagnostic cardiac catheterization. 
The mean (+ standard deviation) plasma verapamil level, determined 
with a gas liquid chromatographic technique utilizing a nitrogen detector, 
was 161 + 47 ng/ml (n = 8) during steady state conditions of drug infu- 
sion. In 15 patients with stable coronary artery disease having a normal 
or moderately reduced ejection fraction, verapamil reduced mean arterial 
pressure (— 16 percent, probability [p] <0.001), systemic vascular re- 
sistance (—23 percent, p <0.001), stroke work index (— 13 percent, p 
« 0.02), with no significant change in pulmonary vascular resistance, 
ejection fraction or heart rate; cardiac index was increased (+11 percent, 
p <0.001) as was the stroke volume index (+7 percent, p « 0.01) and 
mean capillary wedge pressure (+10 percent, p <0.01). In the seven 
patients with uncomplicated infarction, there was no effect dn ejection 
fraction, heart rate or pulmonary vascular resistance. There was a de- 
crease in systemic vascular resistance (—22 percent, p <0.01) and mean 
arterial pressure (— 16 percent, p <0.01) with an increase in cardiac index 
(+27 percent, p <0.05), stroke volume index (+4 percent, p « 0.05) and 
mean capillary wedge pressure (+17 percent, p <0.02). In three patients, 
one with acute infarction and two with coronary artery disease, having 
a severely reduced ejection fraction and elevated mean capillary wedge 
pressure (20 mm Hg or greater), mean arterial pressure decreased 
markedly with a fall in stroke volume index and an abrupt increase in the 
mean pulmonary capillary wedge pressure. These findings were associ- 
ated with clinical evidence of heart failure and dyspnea. 

It is concluded that (1) in patients with cardiac disease having a mild 
to moderate decrease in left ventricular ejection fraction accompanied 
by a normal or mildly elevated mean pulmonary capillary wedge pressure, 
the intrinsic depressant effect of verapamil is offset almost entirely by its 
potent vasodilator properties, but (2) in patients with a severely reduced 
ejection fraction and a high pulmonary capillary wedge pressure, the 
depressant effects of the compound become clinically apparent with 
sudden further increases in pulmonary capillary wedge pressure and a 
decrease in stroke volume and mean arterial'pressure. 


Although compounds that selectively inhibit slow channel activity ir 
myocardial tissue and in the smooth muscle cells of blood vessels have 
been known for about 10 years,!? the therapeutic implications of then 
cardiocirculatory effects have begun to be appreciated only recently." 
As a class, these compounds are chemically heterogeneous,” but they al 
produce coronary and peripheral vasodilatation with a variably de 
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pressant effect on myocardial contractility and atrio- 
ventricular conduction.? 'The recent resurgence of in- 


terest in such compounds,*> now designated slow - 


channel inhibitors or calcium antagonists, stems from 
the observation that coronary arterial spasm may fre- 
quently form the basis for the development of acute 
ischemic syndromes including Prinzmetal's angina; 
angina at rest,’ myocardial infarction and sudden 
death.^5 The possibility has thus arisen that the phar- 
macologic properties of calcium antagonists may be of 
much therapeutic value in this context. 

Of the various calcium antagonists?-59? currently 
under clinical investigation in this country, verapamil 
hydrochloride (Isoptin®, Knoll AG, Ludwigshafen, West 
Germany) is of particular interest. In the experimental 
animal, the compound has a potent antifibrillatory ac- 
tion in ischemic ventricular arrhythmias!? while ex- 
erting a favorable effect on myocardial ischemic injury 
after coronary occlusion.!! In the clinic, when given 
intravenously, it rapidly terminates most cases of par- 
oxysmal supraventricular tachycardia and slows the 
ventricular response in atrial fibrillation and flutter.? 
Beneficial effects have also been reported during oral 
therapy of stable and unstable angina!?.1? as well as the 
Prinzmetal variant.!4 Because verapamil interferes with 
excitation-contraction coupling, from the outset there 
has been concern regarding its potential myocardial 
depressant action when used clinically.’ In patients with 


stable heart disease with relatively normal or moder- 


ately compromised ventricular performance, intrave- 


TABLE | 
Description of Study Patients 

Age (yr) Basal 

Case & Sex Clinical Entity EF 
1 52M AMI (anteroseptal, 12 h) 0.53 

2 48M AMI (anteroseptal, 6 h) — 
3 64M AMI (anteroseptal, 19 h) 0.29 
4 59M AMI (inferior, 20 h) 0.65 
5 61M AMI (inferior, 8 h) 0.67 

6 61M AMI (inferior, 12 h) 0.51 
7 51M AMI (anterior, 22 h) 0.32 
8 60M* AMI (inferoposterior, 12 h) 0.20 
9 65M 3 vessel CAD 0.60 
10 49M 3 vessel CAD 0.55 

11 47M 2 vessel CAD — 
12 56M 1 vessel CAD 0.63 
13 61M 3 vessel CAD 0.31 
14 33M 2 vessel CAD 0.62 
15 54M 2 vessel CAD 0.61 
16 51M 2 vessel CAD 0.42 
17 44M 3 vessel CAD (CABG) 0.55 
18 56M 2 vessel CAD 0.59 
19 63M 2 vessel CAD 0.68 
20 49M 2 vessel'CAD 0.65 
21 48M 2 vessel CAD) 0.62 
22 50M œ Gvessel CAD 0.62 
23 64M 2 vessel CAD 0.69 
24 63M* 2 vessel CAD 0.22 
25 61M* 2 vessel CAD 0.35 


* These patients had clinical evidence of heart failure. Their clinical 
state deteriorated after administration of verapamil with recovery on 
discontinuance of therapy with this drug. 

AMI — acute myocardial infarction; CABG — coronary arterial bypass 
grafting; CAD = coronary artery disease; EF = ejection fraction. 


nously administered verapamil was found to cause little 
or no reduction in cardiovascular hemodynamics.15.16 
However, few data are available on the effects of the 
drug in patients with a range of left ventricular ejection 
fractions, in those with acute myocardial infarction and 
in the setting of elevated left ventricular filling pres- 
sures. 

The present study was therefore undertaken to 
evaluate the hemodynamic responses to a clinically 
relevant dose regimen of verapamil in patients with 
various values for left ventricular ejection fraction, in 
patients with acute myocardial infarction and in those 
with significant coronary artery disease undergoing 
diagnostic cardiac catheterization. 


Methods 


Patients: The study group consisted of 25 patients, 8 with 
acute myocardial infarction and 17 with symptomatic coro- 
nary artery disease. Their clinical characteristics are shown 
in Table I. Of the eight patients with acute infarction, seven 
had uncomplicated hemodynamic variables with cardiac index 
exceeding 2.5 cc/min per m? and pulmonary capillary wedge 
pressures 18 mm Hg or less under basal conditions at a time 
when the patients were free of ischemic cardiac pain. The 
mean age of this group was 57 years (range 48 to 64). One pa- 
tient (Case 8) with a left ventricular ejection fraction of 0.20 
had a mean pulmonary capillary wedge pressure of 20 mm Hg. 
The mean age of the 15 patients with coronary artery disease 
(14 with disease of two or more vessels) without a clinical 
history of heart failure was 53 years (range 33 to 65); the re- 
maining two with a history of heart failure (Cases 24 and 25) 
were 63 and 61 years old, respectively. The left ventricular 
end-diastolic pressure under basal conditions for these two 
patients was 25 mm Hg or greater. Informed consent was ob- 
tained from all patients and the design of the protocol was 
reviewed and approved by the Human Subjects Committee 
of the Wadsworth Veterans Administration Hospital. 

Hemodynamic measurements: Cardiac catheterization 
in patients with coronary artery disease was performed 
through percutaneous cannulation of the femoral artery; a 
Swan-Ganz triple lumen thermodilution catheter was inserted 
through the right basilic vein either percutaneously or an 
antecubital fossa cutdown. In patients with acute myocardial 
infarction, a radial arterial cannula was placed percutaneously 
to enable the continuous recording of intraarterial pressure 
simultaneously with that from the right heart chambers by 
the Swan-Ganz catheter. Heart rate was monitored in lead II 
of the electrocardiogram. 

Cardiac output (CO) was determined in triplicate using the 
Santa Barbara thermodilution computer (model 17 00). Sys- 
temic vascular resistance (SVR in dynes-s-cm-?) was calcu- 
lated as SVR = MAP/CO, where MAP = mean arterial pres- 
sure. Stroke work index (SWI in g-m/m?) was calculated as 
SWI = (MAP — PCWP) x SVI x 1.36 X 1072, where PCWP 
= pulmonary capillary wedge pressure in mm Hg and SVI = 
stroke volume index in ml/m?. 

Left ventricular ejection fraction: This was determined 
by radionuclide ventriculography. The patient's blood pool 
was labeled by a peripheral injection of 7.5 mg of stannous 
pyrophosphate followed 20 minutes later by injection of 25 
mCi of technetium-99m pertechnetate. Multiple gated ac- 
quisition (MUGA) scans were obtained in anterior and leét 
anterior oblique positions, using an Ohio Nuclear Series 120 
portable scintillation camera equipped with a high sensitivity 
collimator, interfaced to a Medical Data Systems PAD com- 
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puter. Ejection fraction was then derived from a time-activity 
curve, based on count rate changes from end-diastole to 
end-systole. 

Protocol: The sequence of data acquisition was as follows: 
Baseline hemodynamic and radionuclide measurements were 
obtained once the condition of the patient was stable after 
insertion of the Swan-Ganz catheter and the arterial cannula 
in the case of patients with acute myocardial infarction. For 
patients with coronary artery disease, the baseline measure- 
ments were made at least 20 minutes after the end of the di- 
agnostic angiographic procedure. Except for the radionuclide 
ejection fraction, all measurements were made in duplicate 
and the mean of these two sets of data served as control values. 
Verapamil hydrochloride (0.145 mg/kg) was then given in- 
travenously as a loading dose over 2 minutes and a constant 
infusion (0.005 mg/kg per min) begun at the end of the loading 
period. Hemodynamic variables (without cardiac output) 
including heart rate were recorded continuously for the first 
5 minutes after which steady state conditions were achieved. 
Measurements were then made at 5 minute intervals, with 
multigated scans being obtained between the 5th to the 10th 
minute of drug administration. Plasma samples were obtained 
0, 3, 5, 10, 15 and 20 minutes after the start of administration 
of verapamil and 30 minutes after discontinuation of admin- 
istration of the drug. 

Plasma verapamil was measured by a gas liquid chroma- 
tography technique using a nitrogen-specific detector. The 
internal standard was the verapamil metabolite, D517 (sup- 
plied by Knoll Pharmaceutical Company, Whippany, New 
Jersey). The plasma samples were pretreated with acetic an- 
hydride in order to separate unchanged verapamil from its 
primary metabolite, nor-verapamil. The assay is sensitive to 
a concentration of 5 ng/ml. The purpose of measuring plasma 
levels of verapamil was not to establish the correlation be- 
tween plasma drug concentration and the hemodynamic al- 
terations. Rather, it was to confirm that the infusion rate 
chosen produced a steady state plasma concentration at the 
time hemodynamic and the other variables were being de- 
termined. 

Statistical analysis: Observations made before and after 
verapamil administration were compared for significance of 
differences using two-tailed Student's t test for paired data. 
Differences were considered not significant if the probability 
(p) value was greater than 0.05. 

In the group of patients whose left ventricular ejection 
fraction (EF) was determined by contrast angiography as 
well as by the radionuclide technique, the results were com- 
pared by linear regression analysis. The edge detection was 
based on technician interaction. The following regression 
equations and correlation coefficients (r) represent the vali- 
dation, reproducibility and observer variability of the radio- 
nuclide ejection fraction: 

Correlation with right anterior oblique contrast ventric- 
ulography: 


Radionuclide EF = 0.97 contrast EF + 0.02 
(r = 0.93, p «0.001) 


Reproducibility for two studies performed 30 minutes 
apart: 


EF; = 0.97 EF, + 0.02 (r = 0.97, p <0.001) 
Interobserver variability: 
EF observer 2 — 1.01 EF observer 1 — 0.003 
(z = 0.99, p <0.001) 
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Results " 


Verapamil dosage and plasma levels: For the en- 
tire series of patients studied the mean total dose of 
verapamil was 17 + 3 mg (mean + standard deviation) 
and the duration of infusion averaged 21 + 5 minutes. - 
The individual values as well as the mean values for the 
plasma verapamil concentration for 8 patients in whom 
the drug levels were measured at different times during 
administration are shown in Figure 1. It is evident that 
steady state plasma concentrations were achieved by 
the regimen utilized in the study although a wide int- 
ersubject variation in plasma levels occurred. The mean 
plasma level during the steady state conditions of drug 
administration was 161 + 47 ng/ml; 30 minutes after the - 
infusion was discontinued, plasma verapamil was still - 


. detectable (mean 73 + 17 ng/ml) although, in most in- 


stances, at this time hemodynamic alterations had re- - 
turned almost to the levels preceding drug adminis- 
tration. 

Patients with stable angina and uncomplicated 
infarction: The mean hemodynamic responses and - 
effects on left ventricular ejection fraction induced by 
intravenous verapamil in 15 patients with chronic an- 
gina and 7 patients with acute myocardial infarction are 
summarized in Table II. The effects of the drug in three 
patients with a low ejection fraction and high ventric- 
ular filling pressures are presented in Table III. Because 
of the deterioration in the clinical status of the patients 
in this small group, verapamil was not studied further 
in patients with a high mean pulmonary wedge press- - 
sure. à 
It is evident (Table II) that verapamil had compara- 
ble effects in patients with chronic angina and in those 
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FIGURE 1. Variability in plasma verapamil levels in patients with 
ischemic heart disease after intravenous bolus administration (LOAD) 
followed by constant infusion. Closed circles represent an individual 
value for one patient at the times indicated. Open circles are the mean 
values for the period of blood sampling (from eight patients). Note the 
initial marked variability of verapamil plasma levels; less variation 
occurred during the steady state conditions of drug infusion. Thirty 
minutes after administration of the drug was discontinued, plasma 
verapamil was still detectable despite the complete regression of the 
hemodynamic alterations. 
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TABLE II 


Hemodynamic Effects of Intravenous Verapamil in Patients With Cardiac Disease (mean values + standard deviation) 





Patients With Chronic Angina (n — 15) 


Pre Post 

Heart rate (beats/min) 74+ 10 77 X 11 

Systolic arterial pressure 141 € 15 1214+ 13 
(mm Hg) 

Diastolic arterial pressure 72 + 20 66 + 8 
(mm Hg) 

Mean arterial pressure (mm Hg) 102 + 10 86 + 12 

Mean pulmonary arterial pressure 17+3 1843 
(mm Hg) 

Mean pulmonary capillary 10+ 2 1122 
wedge pressure (mm Hg) 

Systemic vascular resistance 1424 + 320 1100+ 300 
(dynes-s-cm 5) 

Pulmonary vascular resistance 240 + 54 240 + 50 
(dynes-s-cm 5) 

Stroke work index (g-m/m^?) 477 411r 6 

Cardiac index 2.8 + 0.4 3.1 £ 0.6 
(liters/min per m?) 

Stroke volume index 41+ 10 44+ 10 
(ml/m?) 

Ejection fraction (96) 56 + 10 56+ 9 


Patients With Uncomplicated Acute 
Myocardial Infarction (n = 7) 


p Value Pre Post p Value 
NS 73 + 12 78+ 14 NS 
<0.001 (—14%) 148 + 24 121+ 19 «0.01 (— 1896) 
«0.001 (—896) 64+ 10 58 + 12 «0.05 (—996) 
«0.001 (— 1696) 90 + 12 76+ 15 <0.01 (— 1696) 
NS 19 4 214.5 NS 
«0.01 (7- 1096) 1243 1444 <0.02 (+17%) 
<0.001 (—23%) 1152+ 288 896+ 232 <0.01 (—2296) 
NS 268 1117 — 2564-92 NS 
«0.02 (— 1396) 42 t 22 39 + 11 «0.01 (—7 96) 
«0.01 (- 1196) 2.8 1 1.3 3.6 + 0.7 «0.05 (+27%) 
«0.01 (7 96) 46+ 14 48+ 14 <0.05 (+4%) 
NS 49 + 16 50+ 15 NS 


NS = not significant; p = probability (significance of difference); post = after verapamil; pre = before verapamil. 


with uncomplicated myocardial infarction. The drug 
produced variable but insignificant effects on heart rate. 
However, there was a decrease in systolic (—14 percent 
and —18 percent, respectively), diastolic (—8 percent 
and —9 percent), mean (—16 percent and —16 percent) 
arterial pressures and in systemic vascular resistance 
(—23 percent and —22 percent) with no significant 
changes in pulmonary vascular resistance or pulmonary 
arterial pressures. 

In both groups of patients with an “uncomplicated” 
status, verapamil produced a significant increase in the 
mean pulmonary capillary wedge pressure (+10 percent 
and +17 percent, respectively); in patients with chronic 
angina the drug increased the cardiac index by 11 per- 
cent (p <0.001) and stroke volume index by 7 percent 
(p «0.01). In contrast, in patients with acute myocardial 
infarction the increment in cardiac index was 27 percent 
(p «0.05), although the increase in stroke volume of 4 
percent was comparable with the 7 percent in the pa- 
tients with chronic angina. 

The mean left ventricular ejection fraction in the 
patients with chronic angina was 0.56 + 0.10 percent 
(range 0.22 to 0.69); after verapamil there was no change 


TABLE IIl 


(mean 0.56 + 0.09). In patients with uncomplicated 
infarction, there were no significant changes in ejection 
fraction. 

Patients with elevated filling pressures: Table III 
presents the hemodynamic data pertaining to the effects 
of intravenous verapamil in three patients (one with 
acute infarction, two with coronary artery disease) with 
elevated ventricular filling pressures. In all three, the 
mean arterial pressure decreased and the mean pul- 
monary capillary wedge pressure increased. All three 
patients complained of dyspnea, but this disappeared 
in 10 minutes as the pulmonary capillary wedge pressure 
returned to baseline values. In the patient with acute 
myocardial infarction, left ventricular ejection fraction 
by radionuclide ventriculography could be determined 
before and after verapamil administration. However, 
a reduction of 15 percent in the ejection fraction after 
verapamil was given was within the error of measure- 
ment by the technique used. 


Discussion 


Negative inotropic versus vasodilator effécts of 
verapamil: It has long been known that verapamil ex- 


Hemodynamic Effects of Intravenous Verapamil in Three Patients With Elevated Mean Capillary Wedge Pressure 


Heart Rate,(beats/min) Mean AP (mm Hg) 


Case C V C V C 
8 105 102 80 68 20 
24 68 69 96 86 29 
25 90 95 78 68 28 


Mean PCW (mm Hg) 


V 


30 
35 
35 


PAP (mm Hg) SVI (m/m?) Ejection Fraction 
C V C V C V 
30 40 36 26 0.20 0.17 
38 42 35 34 0.22* — 
33 42 27 24 0.35* ld 


* Calculated from the right anterior oblique contrast ventriculogram during diagnostic cardiac catheterization. Because d the clinical deterioration, 
a second ventriculogram was not performed. All three patients made an uneventful recovery. 
AP = arterial pressure; C = control; PAP = pulmonary arterial pressure; PCW = pulmonary capillary wedge TD de SVI — stroke volume 


index; V — verapamil. 
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erts a potent negative inotropic action on isolated car- 
diac muscle.!:!” For this reason, there has always been 
concern that a corresponding depressant effect in pa- 
tients may limit its clinical utility, particularly in those 
with heart disease and compromised ventricular func- 
tion. However, appreciation of the fact that the com- 
pound is also a powerful peripheral vasodilator raised 
the possibility that its intrinsic myocardial depressant 
effect may be attenuated or even nullified by its salutary 
influence on ventricular afterload. Indeed, experi- 
mental!? and preliminary clinical!?!6 data have tended 
to support this possibility. For example, in earlier 
studies!??? in anesthetized dogs, verapamil produced 
dose-dependent decreases in cardiac output and stroke 
volume but the hypotensive effects could be accounted 
for almost entirely by the concomitant reduction in 
systemic vascular resistance if the intravenous doses of 
verapamil were kept below 0.25 mg/kg body weight. 
Very similar results were reported more recently?! in 
closed chest conscious instrumented dogs in which a 
reduction in contractility was noted at doses greater 
than 0.3 mg/kg. Using intravenous doses of verapamil 
between 0.1 to 0.145 mg/kg in patients with coronary 
artery disease undergoing diagnostic cardiac catheter- 
ization, Singh!® and Ferlinz!$ and their co-workers 
found that the expected myocardial depressant effect 
of the drug was largely offset by its vasodilator actions. 
Thus, although the mean pulmonary capillary wedge 
pressure did increase slightly, cardiac and stroke volume 
indexes did not decrease. However, in none of the pa- 
tients in these two series was the baseline left ventric- 
ular ejection fraction markedly low or the mean pul- 
monary capillary wedge pressure substantially ele- 
vated. 

Verapamil and ventricular dysfunction: Our 
present data, using a standardized dosage regimen 
under blood level control, extend the observations to 
two discrete groups of patients, one with stable coronary 
artery disease and the other with acute myocardial in- 
farction. The wide range of baseline ejection fractions 
and mean pulmonary capillary wedge pressures allowed 
delineation of the effects of intravenous verapamil in 
relation to various levels of ventricular performance. 
The results obtained permit two conclusions. First, 
verapamil exerts minimally depressant effects in pa- 
tients with relatively normal or moderately reduced 
ventricular function as seen in both groups of patients 
evaluated. Second, when the left ventricular ejection 
fraction is severely reduced or the mean pulmonary 
capillary wedge pressure is substantially elevated (20 
mm Hg or greater), or both, a further abrupt increase 
in pulmonary capillary wedge pressure induced by in- 
travenous verapamil may lead to a clinically apparent 
exacerbation of cardiac decompensation. This exacer- 
bation, noted in three of our patients, made us abandon 
the further evaluation of verapamil in patients with 
markedly reduced ventricular function. Clearly, in this 
subset of patients with ischemic heart disease, the re- 
duction in ventricular afterload resulting from the use 
of intravenous verapamil does not entirely outweigh the 
potentially deleterious depressant effect of the drug on 

cardiac contractility. 
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It is of interest that Ferlinz et al.!6 found thate0.1 
mg/kg bolus doses of verapamil (followed by infusion 
of 0.005 mg/kg per min) had minimal effects on the left 
ventricular end-diastolic pressure (12 + 4 to 14 + 4 mm 
Hg) and the left ventricular ejection fraction deter- 
mined with contrast angiography, increased signifi- 
cantly (from 55 + 16 to 61 + 18, p <0.001). In our pre- 
vious study?:1^ under comparable conditions, a some- 
what larger dose of verapamil (approximately 0.145 
mg/kg) produced a significant increase in the left ven- 
tricular end-diastolic pressure (11 + 0.9 to 15.0 + 1.0 
[standard error of the mean], p <0.01), thus emphasiz- 
ing that the overall hemodynamic effects of the drug are 
likely to vary with dose, level of basal ventricular per- 
formance, and possibly with the patient's clinical state. 
The data presented here indicate that intravenous 
verapamil can be administered safely over a wide range 
of left ventricular ejection fractions (0.29 to 0.69 in this 
series) even in patients with acute myocardial infarc- 
tion. In these patients, the magnitude of hemodynamic 
alterations induced by verapamil was comparable with 
that previously reported.!?.16 There was no significant 
change in the left ventricular ejection fraction deter- 
mined by gated blood pool scanning. In contrast, Ferlinz 
et al.16 reported a significant increase after adminis- 
tration of a somewhat smaller dose of verapamil when 
the ejection fraction was measured by contrast ven- 
triculography in a subset of patients who had either a 
normal or a moderately reduced baseline ejection 
fraction. The possibility must be considered that the 
apparent discrepancy between their data and ours may 
be due to differing methodologies for measuring ven- 
tricular ejection fraction. However, under basal condi- 
tions there was an excellent correlation (r = 0.93, p 
<0.001) between the values in our laboratory for the left 
ventricular ejection fraction determined with contrast 
angiography and that determined with the radionuclide 
technique. Thus, it is unlikely that the discrepancy 
between the results of our study and those of Ferlinz et 
al.16 can be accounted for by methodologic differences. 
It is possible, however, that an improvement in regional 
myocardial ischemia, as indicated by a favorable al- 
teration in segmental wall motion abnormalities, may 
have contributed to an increase in the left ventricular 
ejection fraction in the patients of Ferlinz et al.!® 

Although our data are limited, they are pertinent to 
the issue whether verapamil given intravenously can 
be used safely in patients with significant heart failure. 
In the experimental animal with coronary occlusion, the 
drug has been shown to depress the ischemic myocar- 
dium in vivo.??2? In our patients with infarction, a de- 
pressant hemodynamic effect was seen only in one pa- 
tient who had clinical featurés of left ventricular failure 
with sinus tachycardia, a ventricular ejection fraction 
of 0.20 and a mean pulmonary capillary wedge pressure 
of 20 mm Hg. In this patient the decrease in ejection 
fraction (15 percent) was insignificant, but a sharp in- 
crease in the capillary wedge pressure indicated im- 
paired contractility after administration of verapamil. 
'The fact that similar findings resulted in two other 
patients with coronary artery disease with a mean pul- 
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moriary capillary wedge pressure of 25 mm Hg or greater 
suggests that administration of verapamil in patients 
with heart failure should be undertaken with caution, 
if at all. However, it is conceivable that in such patients 
smaller doses of the drug may produce desirable he- 
modynamic effects without the development of signif- 
icant myocardial depression, a possibility that merits 
further study. Furthermore, experimental data!’ indi- 
cate that the negative inotropic propensity of verapamil 
may, in part, be attenuated by digoxin so that prior 
digitalization may possibly permit use of the compound 
in the setting of cardiac decompensation. 

Clinical implications: The data presented here do 
not permit clear guidelines regarding dosage regimens 
of intravenous verapamil in various subsets of patients 
with ischemic heart disease. However, our results in- 
dicate that in patients who have clinically uncompli- 
cated acute myocardial infarction, verapamil may be 
given with relative safety as it may be in patients with 
stable coronary artery disease without clinical evidence 
of heart failure. In these subsets of patients, verapamil 
produces a complex interplay of simultaneous alter- 
ations in preload, afterload, contractility and heart rate 
so that the intrinsic depressant effect of the compound 


is almost entirely offset by its potent vasodilator prop- 
erties. [In such patients, our data, when considered in 
light of the published findings,’ suggest that intrave- 
nous verapamil may be given without hemodynamic 
monitoring, especially when used for the control of atrial 
tachyarrhythmias. When the left ventricular ejection 
fraction is severely reduced (below 0.30) or the pulmo- 
nary capillary wedge pressure is elevated (above 20 to 
25 mm Hg), or both, especially in the presence of clini- 
cally apparent heart failure, the depressant effects of 
intravenous verapamil may become clinically manifest 
with abrupt increases in the ventricular filling pressures 
consequent on reduction in contractility. Further 
studies are necessary to determine whether such effects 
in the setting of cardiac decompensation can be ob- 
viated or minimized by reduction in drug dosage or by 
the concomitant use of cardiac glycosides. 
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A consecutive series of 121 patients 70 years of age and older who un- 
derwent aortocoronary artery saphenous vein bypass grafting without 
other cardiac procedures during a 5 year period was analyzed and fol- 
low-up status ascertained. This group was compared with a consecutive 
series of 2,850 patients under the age of 70 who underwent aortocoronary 
bypass during the same period. The patients aged 70 years or greater had 
a higher incidence of unstable angina pectoris, congestive heart failure 
and cardiomegaly on roentgenography. They had more severe coronary 
obstruction with a 29 percent incidence rate of left main coronary disease 
versus a 15 percent incidence rate in the patients aged less than 70 years 
(p <0.001). The hospital mortality rate for patients aged less than 70 years 
was 1.1 percent (31 of 2,850) and for those aged 70 years or greater was 
1.6 percent (2 of 121). The 119 patients aged 70 years or greater who 
survived surgery had a significantly greater incidence of postoperative 
stroke (3 patients), supraventricular tachycardia (28 patients), transient 
postoperative psychosis (9 patients), heart block requiring permanent 
pacing (2 patients), intraaortic balloon pumping (5 patients) and pulmo- 
nary embolism (4 patients) than patients aged less than 70 years. Both 
groups had significant symptomatic improvement: More than 95 percent 
of the survivors in each group were angina-free or in improved condition 
at late follow-up. Survival at 36 months was 95 percent for the patients 
in both age groups. A subgroup of patients aged 75 years or greater had 
comparable symptomatic results and survival. Patients aged 70 years or 
greater need not be denied the benefits of coronary bypass surgery on 
the basis of advanced age alone, although these patients have compli- 
cations of surgery more frequently. However, severe calcification of the 
ascending aorta is a relative contraindication to saphenous vein bypass 
surgery in this age group. 


It is clear that coronary arterial bypass surgery performed in patients 
with severe angina pectoris and angiographically suitable anatomy leads 
to lessening of symptoms in a majority of cases.'? Whether such surgery 
prolongs life has been debated vigorously;? but certain groups of patients 
have been proved to have prolonged survival with surgery.!4 Many older 
patients with severely symptomatic coronary atherosclerotic heart dis- 
ease are currently not considered for coronary bypass surgery because 
of the reported higher mortality and morbidity with such surgery in the 
elderly.5-!? Kirklin et al. recently reported that the risk of hospital 
mortality with bypass surgery increases exponentially in patients aged 
70 or more years and questioned the advisability of bypass surgery in 
this age group. A decrease in anginal symptoms has been reported, 
however, in small groups of aged patients treated surgically with in- 
creased but not excessive operative risk, and no increased risk was re- 
ported in a small series of 25 elderly patients.!! This study reports our 
experience with 121 patients aged 70 years or greater who underwent 
coronary arterial bypass grafting and were followed up for 6 to 66 months 
postoperatively. Special attention was focused on preoperative evalua- 
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tien, surgical morbidity and mortality, symptomatic 
status after surgery and long-term survival. 


Methods 


Patients: The study population included all patients who 
underwent isolated coronary arterial bypass surgery at Emory 
University Hospital from July 1, 1974 to July 1, 1979. Patients 
aged 70 years or older were analyzed separately from those less 
than age 70. The older group (n = 121) was 72 percent male 
and had an age range of 70 to 78 years (mean age 72.1). The 
patient group aged 70 years or older had almost double the 
proportion of female patients (28 versus 15 percent) as the 
younger group (p <0.001). The younger group (n = 2,850) was 
85 percent male and had an age range of 24 to 69 years (mean 
age 54.1). 

Preoperative evaluation: The patients were characterized 
preoperatively as to history of angina, number of previous 
myocardial infarctions, smoking history, presence of coronary 
disease in an immediate family member aged less than 65 
years, hypertension requiring therapy, hyperlipidemia, car- 
diomegaly on chest roentgenography and Q waves on the 
electrocardiogram. Historical data were collected systemati- 
cally before cardiac catheterization for patients who under- 
went catheterization at Emory University Hospital. In pa- 
tients whose catheterization was performed elsewhere, his- 
torical data were collected retrospectively by chart review. 

Stable angina pectoris was defined as angina pectoris on 
effort, without change in the frequency or the ease of induc- 
tion, for 60 days. Angina pectoris was judged disabling when 
patients were dissatisfied with their lifestyle because of an- 
gina. Unstable angina was defined as the presence of angina 
of recent onset, angina at rest, progressive angina or prolonged 
myocardial ischemic pain.!? Changes in ST-T segments were 
not required for a diagnosis of unstable angina. 

Catheterization data included left ventricular end-diastolic 
pressure, segmental left ventricular wall motion, ejection 
fraction and the number of diseased vessels (75 percent or 
greater cross-sectional stenosis). Left ventricular segmental 
wall motion was classified as normal if all left ventricular wall 
segments contracted normally or had only mild hypokinesia. 
Moderate impairment of wall motion indicated at least one 
moderately hypokinetic wall segment but no akinetic or an- 
eurysmal segments. Severe impairment of wall motion indi- 
cated the presence of at least one segment of the left ventricle 
that did not contract or that moved paradoxically. 

Surgical data included the number of grafted vessels, 
postoperative complications, surgical and hospital mortality, 
and the frequency of intraaortic balloon pumping. Symp- 
tomatic status and survival were ascertained by follow-up 


TABLE | 


Chest Pain Classification of Patients Before 
Coronary Arteriography 





° Age 270 Age «70 p 
: e (96) (96) Value 
Angina pectoris 
Stable, not disabling 4 6 
Stable, disabling 8 7 
Unstable 83 62 
No angina but evidence of 2 3 
myocardial ischemia 
Noncardiac pain 3 22 


p = probability. 


contact with the patient. Follow-up information on all patients 
aged 70 years or greater was updated in December 1979. 

Statistical testing between groups was determined using 
chi-square analysis. The t test was used for single variable 
analysis. 

Criteria for operability: All patients operated on were 
judged to have suitable distal arteries (usually 1.5 mm or 
greater in diameter) for construction of the distal anastomosis 
and adequate left ventricular function to tolerate surgery. 
Patients aged 70 years or greater in general had severe anginal 
symptoms and coronary obstruction and were free of other 
major life-threatening disease. Because of a high morbidity 
rate encountered in an earlier series of patients, elderly pa- 
tients with heavy roentgenographic calcification of the as- 
cending aorta were generally selected for medical treatment. 
Patients with a carotid bruit were evaluated angiographically 
and high grade stenosis of the internal carotid artery was 
corrected whenever possible before the institution of cardio- 
pulmonary bypass. 

Technique of operation: Therapy with propranolol was 
routinely continued until 12 hours before surgery. Anesthetic 
management is reported in detail elsewhere!? and consisted 
of administration of morphine sulphate, diazepam and nitrous 
oxide or enflurane, or both. In the patients with the most se- 
vere left ventricular dysfunction or ischemia, cardiac index 
and pulmonary capillary wedge pressure were measured. 
Operative technique, reported elsewhere,!4 was the same for 
all patients. Saphenous vein grafts were constructed utilizing 
vein segments from the lower leg when suitable. A single aortic 
cross clamp was utilized for construction of all distal anasto- 
moses regardless of left ventricular function or number of 
bypass grafts performed. Myocardial preservation during 
cardiopulmonary bypass was accomplished by injection of 4? 
C hyperkalemic, hyperosmolar solution into the proximal 
ascending aorta and into the vein grafts after construction of 
the distal anastomosis.!? Intraaortic balloon pumping was 
instituted at the conclusion of the procedure if, in spite of 
pharmacologic support, there was evidence of inadequate 
peripheral perfusion. 


Results 


Clinical features: Table I summarizes the symp- 
tomatic status of the patients at the time of cardiac 
catheterization before coronary arterial bypass surgery. 
The anginal classification of the elderly patients 
undergoing surgery was unstable angina in 83 percent 
and unstable or disabling stable angina pectoris in 91 
percent of patients. Of the patients aged less than 70 
years, 69 percent had unstable or disabling stable angina 
pectoris. Virtually all patients aged 70 years or.greater 
with unstable or disabling angina pectoris were receiving 
intensive medical treatment and it was therefore con- 
sidered that medical therapy had failed in this group. 
The patients aged less than 70 years were a much more 
heterogeneous group; many were receiving no treatment 
and were undergoing diagnostic catheterization because 
of chest pain syndrome. The severe, typical ischemic 
symptoms led to a correct precatheterization diagnosis 
in 95 percent of the patients aged 70 years or greater but 
in only 75 percent of patients aged less than 70 years. 

The incidence of diabetes and hypertension (Fig. 1) 
in the patients aged 70 years or greater was similar to 
that in patients under age 70. More than 55 percent of 
the elderly patients had never smoked cigarettes and 
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. FIGURE 1. Preoperative clinical features of patients aged 70 years or older and less than age 70 undergoing coronary bypass surgery. AMI = acute 
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myocardial infarction; N.S. — not significant; Q wave — 0.04 second Q waves in electrocardiogram. 


only 18 percent were smoking at the time of surgery. 
The younger group had a significantly higher (p <0.001) 
proportion of patients whose smoking history exceeded 
20 pack years. In addition, the younger patients also had 
a higher incidence rate of serum lipid abnormalities 
than the elderly group (17 versus 5 percent). 

Forty-eight percent of the elderly patients under- 
going coronary revascularization had a history of a 
previous myocardial infarction, and 28 percent had 
significant Q waves on the electrocardiogram. These 
findings are similar to those in the patients under age 
70 years. Congestive heart failure occurred more fre- 
quently (p <0.01) in patients aged 70 years or greater 
(15 percent) than in patients under age 70 (6 percent). 
The proportion of patients with congestive heart failure 
paralleled the incidence of cardiomegaly on chest 
roentgenography in the two groups. Of patients aged 70 
years or greater, 23 percent had cardiomegaly on chest 
roentgenography, compared with 7 percent of the 
younger patients (p «0.01). 

Cardiac catheterization data: Patients aged 70 
years or greater had a high incidence rate of left main 
coronary arterial stenosis (29 percent), exceeding sig- 
nificantly (p «0.001) that observed in the younger group 
(Table II). Sixty percent of the patients aged 70 years 
or greater had left main or triple vessel disease, thus 
demonstrating the severity of coronary obstruction in 
this group. The incidence rate of single vessel disease 
in the patients aged 70 years or greater was only 11 
percent, significantly less than the 20 percent rate ob- 
served in the younger group (p «0.001). 

Approximately 20 percent of patients aged 70 years 
or greater had elevated left ventricular end-diastolic 
pressure, depression of ejection fraction and severe 
impairment of segnfental left ventricular wall motion 
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(Table II). The frequency of these abnormalities was 
similar in the patients under age 70. In more than 60 
percent of patients in both groups, segmental left ven- 
tricular wall motion was judged normal. 

Surgical data: Patients aged 70 years or greater re- 
ceived an average of 2.9 saphenous vein bypass grafts 
per patient (Table III), and 69 percent received three 
or more grafts. Patients under age 70 years received 
significantly fewer grafts (p «0.01), although 56 percent 
received three or more grafts. The aortic cross-clamp 
time in patients aged 70 years or greater was 31 minutes, 
the same as that in patients under age 70. The in- 


TABLE II 


Coronary Angiographic and Left Ventriculographic Features 
of Patients Aged 70 Years or More and Those Less Than 
Age 70 Before Coronary Bypass Surgery 


Age 270 Age «70 p 


(96) (96) Value 
Diseased vessels 
One 11 20 
Two 30 32 
Three 31 33 «0.001 
Left main 29 15 
Left ventricular wall motion e 
Normal 63 62 
Moderate impairment . 15 . 19 NS 
Severe impairment 22 23 
LVEDP (mm Hg) 
<15 82 83 NS 
> 15 18 17 
oo fraction (%) 
45 79 82 NS 
<45 21 18 


LVEDP = left ventricular end-diastolic pressure; NS = not signifi- 
cant. 
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TABLE Ill 


Number of Saphenous Vein Grafts Utilized in Patients Aged 
70 Years or More and Patients Less Than Age 70 


Age 270 Age «70 
(%) (%) 


L —  —— 


Grafts per patient 
One 


7 14 

Two 24 30 

Three 45 33 

Four or more 24 23 
Mean grafts per patient (n) 2.9* 2.7* 


* p «0.01. 


traaortic balloon pump was required postoperatively 
in 4 percent of patients aged 70 years or greater com- 
pared with 0.7 percent of patients under age 70 (p 
« 0.01). 

Mortality: Table IV presents the hospital mortality 
by age for patients undergoing coronary bypass surgery. 
For patients aged 70 years or greater the hospital mor- 
tality rate was 1.6 percent (2 of 121). There was a steady 
increase in hospital mortality with age: Patients under 

age 70 years had a mortality rate of 1.1 percent (31 of 
2,850), patients under age 60 had a hospital mortality 
rate of 0.6 percent (13 of 2,041); no hospital mortality 
occurred in the patients under age 50. There was also 
no hospital mortality in the subgroup of patients aged 
75 years or greater. 

The two deaths in the patients aged 70 years and 
older were reviewed. One death occurred in a 70 year old 
woman who could not be weaned from cardiopulmonary 
bypass in spite of maximal use of inotropic agents and 
the intraaortic balloon. Marked right ventricular dys- 
function was noted intraoperatively as evidenced by 
right ventricular dilatation and poor contraction. Au- 
topsy revealed recent infarction of both ventricles. The 
second death occurred in a 70 year old man who failed 
to awaken after surgery. Fundal examination revealed 
cholesterol emboli. Calcification of the ascending aorta 
was evident in the preoperative chest roentgenogram 
and this patient with severe generalized atherosclerotic 
vascular disease was thought to have had multiple bi- 
lateral cerebral emboli as a result of cross clamping the 
rigid ascending aorta. This patient was one of only five 


TABLE IV 


Mortality Rate for Coronary Bypass Surgery by Patient Age 
In Decades 


Patients R ; 
' Operated Hospital Mortality 

Age (yr) on (n) n 96 
20-29 3 0 0 
30-39 148 0 0 
40-49 649 0 0 
50-59 1241 13 1.0 
60-69 809 18 2.2 
70-79 121 2 1.6 


patients aged 70 years or greater who had recognizable 
ascending aortic calcification on preoperative chest 
roentgenography. 

Surgical morbidity: A greater incidence of postop- 
erative complications was observed in patients aged 
greater than 70 years than in those under age 70 (Table 
V). The most common postoperative complication was 
pericarditic pain requiring treatment with anti-in- 
flammatory agents (indomethacin, aspirin, prednisone), 
which occurred in 46 percent of patients over age 70 
years. The most common life-threatening complication 
in patients over age 70 years was pulmonary embolism, 
which occurred in 3.4 percent of patients, all of whom 
survived. Routine postoperative anticoagulation with 
coumadin was not employed in this series of patients. 
The average hospital stay was longer (p <0.01) for older 
patients (15 versus 12 days), and the slower mobilization 
of older patients postoperatively may contribute to the . 
increased incidence of pulmonary embolism. 

Strokes were more common in patients aged 70 years 
and older (p «0.01), occurring in three patients in this 
group who survived to be discharged from the hospital. 
One patient recovered fully, one patient was discharged 
after 25 days with a left hemiparesis, and one patient 
with quadriparesis was discharged after 30 days to a 
nursing home. None of the patients with stroke had a 
carotid bruit. One patient who survived surgery with a 
stroke had ascending aortic calcification. Therefore two 
of five patients with ascending aortic calcification had 
intraoperative stroke, one resulting in in-hospital death. 
Transient postoperative psychosis occurred more fre- 
quently in patients aged 70 years or greater than in 


TABLE V 


In-Hospital Complications in Patients Surviving Coronary 
Bypass Surgery 


Age 270 Age «70 p 





(96) (96) Value 

Arrhythmia 

Supraventricular tachycardia 24 12 «0.001 

Sinus bradycardia 1.7 1.0 NS 

Frequent PVBs 5.7 3.0 NS 

VT or VF 0.8 1.7 NS 
Heart block requiring permanent 1.7 0.2 «0.05 

pacing 
Pulmonary embolism 3.4 0.4  *«0.001 
Intraaortic balloon pump 4.1 0.7 «0.01 
Stroke 

Full recovery 0.8 0.2 NS 

Minor deficit 0 0.2 NS 

Major deficit 1,7 0.3 <0.01 
Psychosis 7.6 1.8 <0.001 
Pericarditic pain* 46 43 NS 
Myocardial infarction (Q waves) 3.9 4.4 NS 
Reoperation for bleeding 3.4 2.6 NS 
Mediastinal tamponade 0 0.4 NS 
Wound infection 0.8 1.0 NS 
Septicemia 0 0.2 NS 
Thrombophlebitis 0 0.3 NS 

* Characteristic pain treated with anti-inflammatory agents (in- 

domethacin, prednisone, aspirin). h 9 


NS = not significant; PVBs = premature ventricular beats; VF = 
ventricular fibrillation; VT — ventricular tachycardia. 
e 
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FIGURE 2. Symptomatic status of patients aged 70 years and older and 
patients less than age 70 after coronary bypass surgery. 


younger patients (7.6 versus 1.8 percent, p <0.001). In 
the subgroup of patients aged 75 years or greater, the 
incidence rate of postoperative psychosis was 28 per- 
cent. 

Postoperative supraventricular arrhythmia occurred 
twice as often in patients aged 70 years and older as in 
younger patients. Serious arrhythmias were equally 
frequent in the older and younger patient groups. No 
arrhythmic deaths occurred in the older patients. Two 
patients aged 70 years or greater needed a permanent 
pacemaker postoperatively because of complete heart 
block, a greater incidence of this complication than in 
patients under age 70 (p <0.05). There was no increase 
in the incidence of perioperative myocardial infarction 
in patients aged 70 years or greater. In patients aged 75 
years and older, postoperative complications were 
similar to those noted in the patients aged 70 years and 
older except for an increased incidence of transient 
postoperative psychosis. 
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Activity Level Following Surgery 


FIGURE 3. Patient’s capability for physical exercise after Coronary 
bypass surgery. Self care indicates that the patient bathes, shaves and 
dresses but does not engage in the next category of exercise, mild 
exertion. Mild exertion includes walking outdoors, going to church, 
shopping and driving a car. Moderate exertion includes activities such 
as sweeping, gardening, golf, making beds, mowing lawn and climbing 
stairs. The designation moderate-heavy activity means that the patient 
can swim, walk rapidly, do heavy yard work or run. 
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Months After Surgery 


FIGURE 4. Comparison of survival after coronary bypass surgery in 
patients aged 70 years and older and patients less than age 70. 


Symptomatic status at follow-up (Fig. 2): The 
mean follow-up period was 20.3 months. Eighty-two 
percent of the 114 patients aged 70 years or greater who 
were alive at follow-up in December 1979 were free of 
angina pectoris. Ninety-five percent of the patients aged 
70 years or greater were asymptomatic or improved, 
while 2 percent were unchanged and 3 percent were 
worse than before surgery. The symptomatic results in 
the patients aged 70 years or greater compared favor- 
ably with those in younger patients. The symptomatic 
status of patients aged 75 years and older was the same 
as that of the group aged 70 years and older. 

Figure 3 reports the level of activity engaged in by 
the 114 surviving patients aged 70 years or greater at 
20.3 months' mean follow-up after surgery compared 
with patients under age 70. Ten percent were limited 
to performance of minimal self-care activity, while 8 
percent performed mild physical exertion (such as 
walking outdoors and shopping) and a total of 82 per- 
cent engaged in at least moderate physical activity. The 
subgroup of patients aged 75 years or greater had similar 
activity levels. Significantly fewer patients aged 70 years 
or greater engaged in moderate to heavy exertion com- 
pared with those under age 70 (31 versus 47 percent, p 
« 0.01). 

Postoperative survival (Fig. 4): Survival at 36 
months after coronary bypass surgery was similar for 
patients aged 70 years or greater and those under age 
70. There was a higher early mortality, however, in pa- 
tients aged 70 years or greater with postoperative deaths 
occurring at 1 month (one patient), 2 months (two pa- 
tients) and 6 months (one patient). The 6 month mor- 
tality rate including operative deaths was 5 percent (6 
of 121) for patients aged 70 years or greater and 2.2 
percent (64 of 2,850) for patients under age 70. The 
survival curve for patients aged 70 years or greater was 
stable after the 6th postoperative month, with the next 
death occurring at 41 months. In the subgroup of pa- 
tients aged 75 years or greater, there were no hospital 
deaths and a single late death at 41 months, yielding a 
total mortality of 5.5 percent (1 of 18). 
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e Discussion 


Age 70, although not necessarily demarcating biologic 
old age, is a useful bench mark to consider the special 
problems of elderly patients with heart disease. Persons 
aged 70 years or over have the highest incidence of 
coronary heart disease,!® the highest mortality rate with 
acute myocardial infarction!? and the highest cardio- 
vascular death rate in this country.!? Because of the 
increasing mean life span and decreased birth rate, this 
is one of the most rapidly growing segments of our 
population. The use of open heart surgical techniques 
in this age group is increasing.?-!! However, relatively 
small numbers of patients aged 70 years and older have 
been reported undergoing coronary revascularization, 
and the mortality and morbidity rates in these patients 

have been significantly higher than in younger pa- 
tients5-19? (Table VI). Kirklin et al.» reported a 21 per- 
cent hospital mortality rate in 1977 for patients aged 70 
to 80 years and an exponential relation between hospital 
mortality and age of 70 years or greater. Based on this 
information, they questioned the place of this operation 
in the management of coronary artery disease in pa- 
tients aged 70 and older. The propensity of the elderly 
to have multiple chronic diseases!? and to have a de- 
crease in the reserve of most organ systems!? may ac- 
count for an increased risk of death or postoperative 
complications with major surgery. Our study was un- 
dertaken to determine more accurately the possible 
risks and benefits of coronary bypass surgery in patients 
70 years of age and older by analyzing a 5 year experi- 
ence at one institution. 

Preoperative evaluation: The patients aged 70 
years and older reported on in this study are a very high 
risk group for cardiac death and morbidity. In addition 
to advanced age, they had both severe, progressive an- 
ginal symptoms on medical treatment and atheroscle- 
rotic obstruction of multiple coronary arteries, including 
the left main coronary artery in a high percentage of 
cases. The importance of progressive angina as an in- 
dependent predictor of survival has been documented.”° 
In addition, this group of elderly patients had a 29 
percent incidence of left main coronary arterial stenosis, 
a 62 percent incidence of left main or triple vessel ste- 
nosis, and only an 11 percent incidence of single vessel 
disease. Previous studies9:9.1? of patients aged 70 years 


TABLE VI 


Published Series of Patients Aged 70 Years or Older 
Undergoing Isolated Coronary Artery Bypass Surgery 


Hospital Late Angina 
Patients Moftality Stroke Mortality Lessened 
Reference , (n) (%)e« (%) (96) (96) 
5 19 21 un d s 
6 67 16 a NA A 
7 30 7 3 0 96 
8 48 6 4 4 83 
9 20 5 hs 5 a 
11 25 vi ye M ee 
Present series 121 1.6 2 4.1 95 
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and older undergoing coronary bypass have demon- 
strated a high prevalence of triple vessel disease, but the 
incidence of left main coronary disease in our study is 
approximately twice that previously reported in pa- 
tients aged 70 years and older.9 The incidence of left 
main coronary stenosis in our study is approximately 
twice that reported in series of patients under age 70 
with unstable angina.?1-2? 

The incidence of diabetes, hypertension and previous 
myocardial infarction in the older and younger patients 
in our study was similar to that reported in other older 
patients undergoing surgery and in surgical patients 
under age 70 years with stable angina pectoris,?* un- 
stable angina pectoris?? or left main coronary arterial 
stenosis.? The degree of left ventricular dysfunction in 
our older and younger groups of patients was similar to 
that in surgical patients in the cooperative studies for 
the value of surgery in unstable angina?? and left main 
coronary stenosis? as judged by depression of ejection 
fraction or significant elevation of left ventricular 
end-diastolic pressure. The 15 percent incidence of 
congestive heart failure in our patients aged 70 years 
and older is significantly greater than that observed in 
younger patients undergoing coronary bypass surgery 
in this study and in others,?*?6 in whom a 5 to 9 percent 
occurrence rate has been observed. Similarly, cardio- 
megaly occurred significantly more often in our older 
patients (23 percent incidence) than in series of younger 
patients in which a 7 to 9 percent incidence was 
noted.?*2?6 The increased incidence of congestive heart 
failure and cardiomegaly and the increased use of 
postoperative intraaortic balloon pumping in our pa- 
tients aged 70 years and older may be due to the pres- 
ence of more left ventricular damage or perhaps to a 
deterioration in cardiac performance with age. Although 
decreases in heart rate, cardiac output, rate of rise of 
tension and velocity of shortening have been reported 
as effects of aging,?^?9 most clinical studies suggest that 
contractility is preserved in elderly patients.29:°° 

The incidence of hyperlipidemia and smoking ob- 
served in our patients aged 70 years and older was sig- 
nificantly smaller than that in our younger patients and 
in other reported series? of patients under age 70 
undergoing coronary bypass. It is tempting to suggest 
that the clinical presentation of these patients late in 
life rather than early may be related to the decreased 
incidence of smoking and lipid abnormalities.* 

Surgical mortality and morbidity: The in-hospital 
mortality rate for 121 patients aged 70 years and older 
undergoing coronary bypass was 1.6 percent, and a 
progressive decrease in mortality was observed in 
younger patients. Operative risk in patients under age 
70 was 1.1 percent, and there were no in-hospital deaths 
in patients under age 50. The operative risk in our older 
patients is lower than that previously reported with the 
exception of that by Stephenson et al.!! who had no 
operative deaths in a small series of 25 elderly patients 
(Table VI). There were no hospital deaths in our 
subgroup of patients aged 75 years and older. During the 
period of the present study, 29 additional patients aged 





70 years or greater underwent coronary bypass com- 
bined with other cardiac procedures at our institution. 
The in-hospital mortality for aortic valve replacement 
plus coronary bypass was 4 percent (1 of 25) while that 
for mitral valve replacement plus coronary bypass was 
50 percent (2 of 4) in this older age group. 

In-hospital complications of surgery in the present 
study were higher in patients aged 70 years and older 
than in those under age 70 with respect to stroke, pul- 
monary embolism, postoperative psychosis, complete 
heart block, intraaortic balloon pumping and supra- 
ventricular arrhythmias. The development of a post- 
operative stroke was the only complication occurring 
with increased frequency in the patients aged 70 years 
or greater that had an appreciable long-term impact; 
permanent major paresis developed in two patients. The 
potential importance of a heavily calcified ascending 
aorta is emphasized. Previous experience with aortic 
dissection and atherosclerotic emboli caused by cross 
clamping a severely atherosclerotic ascending aorta has 
dissuaded us from recommending surgery in most pa- 
tients aged 70 years and older who have heavy roent- 
genographic calcification of the ascending aorta. Of our 
five patients aged 70 years and older who had calcium 
present in the ascending aorta on preoperative chest 
roentgenography, one patient died in the hospital from 
a stroke and one patient had an intraoperative stroke 
and survived with a left hemiparesis. Of the remaining 
three patients, one required placement of a proximal 
anastomosis in positions high on the ascending aorta 
and no problems were encountered in two. An addi- 
tional patient under age 70 had roentgenographic cal- 
cification of the aorta and at surgery had rigid calcifi- 
cation of the entire ascending aorta. The internal 
mammary arteries were unsuitable and the revascu- 
larization attempt was aborted. Transient postoperative 
psychosis occurred in 9 of 119 patients aged 70 years or 
greater without residual effects. Five of these patients 
were aged 75 years and older, a group in which the in- 
cidence of postoperative psychosis was 28 percent. 
There were no deaths from pulmonary embolism or 
arrhythmia in patients aged 70 years and older. The 
marked increase in the incidence of supraventricular 
arrhythmias observed in patients aged 70 years and 
older has not been reported previously. The arrhythmia 
was atrial fibrillation in 26 of 28 instances of supra- 
ventriqular rhythm disturbances. Postoperative com- 
plications in patients aged 75 years and older were 
similar to those reported for the entire group aged 70 
years and older except for the increased occurrence of 
postoperative psychosis. 

Symptomatic status at follow-up: The status of 114 
surviving patients aged 70 years and older was ascer- 
tained at a mean follow-up period of 20.3 months 
postoperatively. Eighty-two percent of these patients 
denied having anginal pains and 95 percent maintained 
that their symptomatic status at that time was better 
than before surgery. Three percent were worse and in 
2 Bercent symptoms were unchanged from those before 
surgery. Many patients over age 70 become relatively 
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sedentary, and angina pectoris on effort would be ex- 
pected to be less of a problem in this age group. How- 
ever, 83 percent of our patients aged 70 years and older 
had unstable anginal symptoms preoperatively. In ad- — 
dition, patients aged 70 years and older reported a . 
postoperative level of physical activity exceeding that - 
which might be anticipated in this age group. Only 10 
percent limited activity to that involving self-care. 
Eighty-two percent reported that they were able to 
perform moderate physical activity (sweeping, gar- 
dening, golf, making beds, climbing stairs). While the 
activity levels were lower in patients aged 70 years or 
greater than in those under age 70, these data suggest 
that patients aged 70 years or greater may achieve a 
postoperative activity level compatible with an excellent : 
quality of life. This observation can be extended to the - 
subgroup of patients aged 75 years and older, 85 percent © 
of whom engaged in moderate activity. 

Survival: After discharge from the hospital, the pa- 
tients aged 70 years and older had a significant early | 
mortality rate, with four deaths occurring in the first 6 © 
months postoperatively. The total mortality rate 
therefore for surgery and the first 6 months thereafter | 
was 5 percent (6 of 121). This is approximately twice the — 
mortality rate of 2.2 percent (64 of 2,850) in patients — 
under age 70 for the same period. After 6 months post- - 
operatively the survival curve for patients over age 70 
leveled off, and the next death was observed 41 months 
after surgery. 'The survival rate at 3 years postopera- 
tively for patients aged 70 years or greater was 95 per- 
cent, the same as that for patients under age 70. The 
survival rate for patients aged 75 years or greater was- 
also 95 percent at 3 years postoperatively. This com- 
pares favorably with surgical results obtained in active - 
centers for patients with multivessel coronary ob- | 
structions.?4 This survival rate exceeds that reported - 
for the general population at age 70, in whom the mor- 
tality rate is over 3 percent per year and over 9 percent 
for 3 years.?! Patients in our surgical group differ sig- 
nificantly from the general population, however, in that 
they have been screened for and are free of malignancy, 
renal insufficiency and similar life-shortening problems. 
The extensive revascularization carried out in our pa- 
tients aged 70 years and older in this study (2.9 grafts 
per patient) exceeds that previously reported (1.6 grafts 
per patient? and 2.2 grafts per patient? in patients over 
age 70) and may account for the excellent long-term 
survival of these patients. 

Therapeutic implications: Patients aged 70 years 
or greater who are otherwise well preserved can undergo 
revascularization surgery as palliative therapy for dis- 
abling angina pectoris at operative risks that are only 
modestly higher than those observed in middle-aged 
patients. There is an increase in the risk of stroke and 
in several other less important operative complications 
and a higher 6 month postoperative mortality. However, 
symptomatic improvement is excellent in a majority of 
patients and 3 year survival equals that observed in 
younger patients. Revascularization surgery is a viable 
option for selected patients aged 70 years and older. 
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Facts your patient can live with. 


Just as heart patients depend on your diagnostic judgement to * 
maintain healthy lives, your diagnosis and treatment depend on reliable 
information. 

Yet results from an important test, ambulatory ECG recording and 
scanning, are not always reliable. Current ambulatory-type scanning 
systems demand tedious, undivided concentration. Fatigue is unavoidable. 

Datamedix is solving the problem. Through the efforts of doctors, 
scientists and engineers, Datamedix has developed a system to provide 
accurate ambulatory monitoring at a fraction of the time and cost of 
existing systems. 

It's called PECGASYS’ Programmable Electrocardiographic Analysis 
System. Your patient wears the Ambulatory Monitoring Unit for any 
period up to 24 hours. Then, within minutes of the patient's return to 
your office, PECGASYS generates a full report, in plain English, with sup- 
portive graphs, morphology, rhythm strips and other data. No tapes. 
No waiting for a technician's report. No scanning error. Your analysis 
Is delivered with greater speed, accuracy and flexibility than ever 
before possible. 

PECGASYS Is resetting the limits on the speed and accuracy of ambu- 
latory ECG analysis. To get your PECGASYS brochure, write to Datamedix, 
Arvida Park of Commerce, 1001 NW 58th St., Boca Raton, FL 33431. 
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- SLOW-RELEASE TABLETS 10 mEq 

- DESGRIPTION KLOTRIX is a film-coated (not enteric- coated) tablet containing 750 mg potassium 
chloride (equivalent to 10 mEq) in a wax matrix. This formulation is intended to provide a 

| controlled release of potassium from the matrix to minimize the likelihood of producing high 

- localized concentrations of potassium within the gastrointestinal tract. 

INDICATIONS — BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 

- BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 
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- ]. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis; in 
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- 2. For prevention of potassium depletion when the dietary intake of potassium is inadequate in the 

- following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 

- hepatic cirrhosis with ascites; states of aldosterone excess with normal renal function; 

n potassium-losing nephropathy, and certain diarrheal states. 

13. The use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- 

- tension is often unnecessary when such patients have a norma! dietary pattern. Serum potassium 
‘should be checked periodically, however, and, if hypokalemia occurs, dietary supplementation 

P with potassium-containing foods may be adequate to contro! milder cases. In more severe cases 
"supplementation with potassium salts may be indicated. 

, CONTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium 

- concentration in such patients can produce cardiac arrest. Hyperkalemia may complicate any of 

the following conditions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- 
- tration of a potassium-sparing diuretic (eg, spironolactone, triamterene). 

- Wax-matrix potassium chloride preparations have produced esophageal ulceration in certain 

- cardiac patients with esophageal compression due to enlarged left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any patient in whom there 

“is cause for arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 

* supplementation should be with a liquid preparation. 

WARNINGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 

- administration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most 

< commonly in patients given potassium intravenously but may also occur when given orally. Poten- 

‘it fatal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in 







patients with chronic renal disease, or any other condition which impairs potassium excretion 
- requires particularly careful monitoring of the serum potassium concentration and appropriate 
dosage adjustment. 
- Interaction with potassium-sparing diuretics: Hypokalemia should not be treated by the 
- concomitant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 
~ tone or triamterene), since the simultaneous administration of these agents can produce 
severe hyperkalemia. 
f Gastrointestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative 
lesions of the small bowel and deaths. These lesions are caused by a high localized concentration 
- Of potassium ion ip the region of a rapidly dissolving tablet, which injures the bowel wall and 
- thereby produces obstruction, hemorrhage, or perforation. KLOTRIX is a wax-matrix tablet formu- 
b lated to provide a controlled rate of release of potassium chloride and thus to minimize the possi- 
_ bility of a high local concentration of potassium ion near the bowel wall. While the reported 
É X frequency of small-bowel lesions is much less with wax-matrix tablets (less than one per 
- 100,000 patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100,000 
patient-years) cases associated with wax-matrix tablets have been reported both in foreign coun- 
tries and in the United States. In addition, perhaps because the wax-matrix preparations are not 
enteric-coated and release potassium in the stomach, there have been reports of upper gastroin- 
testinal bleeding associated with these products. The total number of gastrointestinal lesions 
— remains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately 
- and the possibility of bowel obstruction or perforation considered if severe vomiting, abdominal 
- pain, distention, or gastrointestinal bleeding occurs. 
f Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 
- alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, or potassium acetate. 
- PRECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in a 
patient with a clinical history suggesting some cause for potassium depletion. In interpreting the 
- Serum potassium level, the physician should bear ini mind that acute alkalosis per se can produce 
Is hypokalemia i in the absence of a deficit in total body potassium, while acute acidosis per se can 
| increase the serum potassium concentration into the normal range even in the presence of a 
- reduced total body potassium. Treatment of potassium depletion particularly in presence of cardiac 
_ disease, renal disease, or acidosis, requires careful attention to acid-base balance and appropri- 
- ate monitoring of serum electrolytes, electrocardiogram and clinical status of patient. 
- ADVERSE REACTIONS Most common to oral potassium salts: nausea, vomiting, abdominal 
discomfort, and diarrhea. These symptoms are due to irritation of the gastrointestinal tract and are 
- best managed by diluting the preparation further, taking the dose with meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindications and Warnings). 
, There also have been reports of upper and lower gastrointestinal conditions including obstruction, 
- bleeding, ulceration and perforation (see Contraindications and Warnings); other factors known to 
- be associated with such conditions were present i in many of these patients. Skin rash has been 
| reported rarely. 
DOSAGE Usual dietary intake potassium by the average adult is 40 to 80 mEq per day. Potassium 
- depletion sufficient to cause Hypokalemia usually requires loss of 200 or more mEq of potassium 
- from the total body store. 
- Dosage must be adjusted to the individual needs of each patient but is typically in the range of 
- 20 mEq per day for prevention of hypokalemia to 40-100 mEq per day or more for treatment of 
potassium depletion. 
Note: KLOTRIX slow-release tablets must be swallowed whole and never crushed or chewed. 
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Helps you keep up with the 
new advances in your 
specialty in the comfort of 
your home or office. 





All new material—specialties expanded. 


The workbook format of the CORNELL MEDICAL. UPDATE /2 
breaks medical publishing traditions by giving practicing 
physicians a quick overview of the latest advances in their 
specialty. It transcribes the Update Your Medicine lectures 
sponsored by New York Hospital-Cornell Medical Center. 
These lectures are well-known for helping physicians prepare 
for Recertification desoite the demands of a heavy practice 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 


Earn 25 Credits Towards AMA Physician's Recognition Award. 
CORNELL MEDICAL UPDATE/2 has been approved for Category 1 
credit towards the AMA's Physician's Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 
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nostic capability of an advanced Holter system, at 
a moderate price. The ScanMaster gives you man 
of the sophisticated features that have made IC 
the leader in Holter technology. Features like com- 


compact, affordable ScanMaster, call toll-free: 


1-800-448-1675 
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free brochure to Instruments for Cardiac Re- 
search, 7120 Henry Clay Blvd., Liverpool N.Y. 13088 
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Feelings vs. 


Some people feel that I am misused and overused 
and that l'm prescribed too often and for too many kinds 
of problems. 

The FACT is that approximately eight million people, 
or about 5 percent of the U.S. adult population, will use me 
during the current year. By contrast, the national health 
examination survey (1971-1975) found that 25 percent of 
the U.S. adult population experiences moderate to severe 
psychological distress. Additionally, studies of patient atti- 
tudes revealed that most patients have realistic views regard- 
ing the limitations of tranquilizers and a strong conservatism 


_ about their use, as evidenced by a general tendency to 


decrease intake over time. Finally, a six-year, large-scale, 
carefully conducted national survey showed that the great 
majority of physicians appropriately prescribe tranquilizers. 

Some people feel that patients being treated with anxiolytic 
drugs are “weak,” can't tolerate the anxieties of normal daily 
living, and should be able to resolve their problems on their 
own without the help of medication. 

The FACT is that while most people can withstand 
normal, everyday anxieties, some people experience 
excessive and persistent levels of anxiety due to personal or 
clinical problems. An extensive national survey concluded 
that Americans who do use tranquilizers have substantial 








justification as evidenced by their high levels of anxiety. It 
was further noted that antianxiety drugs are not usually 
prescribed for trivial, transient emotional problems. 


Some people feel afraid of me because of the stories 
they've heard about my being harmful and having the 
potential to produce physical dependence. 

The FACT is that there are thousands of references in 
the medical literature documenting my efficacy and safety. 
Extensive and painstakingly thorough studies of toxicological 
data conclude that I am one of the safest types of psycho- 
tropic drugs available. Moreover, I do not cause physical 
dependence if the recommended dosage and therapeutic 
regimen are followed under careful physician supervision. 
However, I can produce dependence if patients do not fol- 
low their physicians’ directions and take me for prolonged 
periods, at dosages that exceed the therapeutic range. 
Patients for whom I have been prescribed should be cau- 
tious about their use of alcohol because an additive effect 
may result. 


Many of the most knowledgable people feel that I 
bécame the No. 1 prescribed medication in America because 
no other tranquilizer has been proven more effective. Or safer. 


The FACT is they are nght. 


For a brief summary of product information on Valium (diazepam/Roche) (V , please see the following 
page. Valium is available as 2-mg, 5-mg and 10-mg scored tablets. 
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Before prescribing, please consult complete 
product information, a summary of which follows: 
Indications: Management of anxiety disorders, or 
short-term relief of symptoms of anxiety; symptomatic 
relief of acute agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol withdrawal; adjunc- 
tively in skeletal muscle spasm due to reflex spasm 
to local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome, 
convulsive disorders (not for sole therapy) 
The effectiveness of Valium (diazepam/Roche) in long- 
term use, that is, more than 4 months, has not been 
assessed by systematic clinical studies. The physician 
should periodically reassess the usefulness of the drug 
for the individual patient 
Contraindicated: Known hypersensitivity to the drug 
Children under 6 months of age. Acute narrow angle 
glaucoma: may be used in patients with open angie 
glaucoma who are receiving appropriate therapy. 
Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete 
mental alertness. When used adjunctively in convulsive 
disorders, possibility of increase in frequency and/or 
severity of grand mal seizures may require increased 
dosage of standard anticonvulsant medication; abrupt 
withdrawal may be associated with temporary increase 
in frequency and/or severity of seizures. Advise against 
simultaneous ingestion of alcohol and other CNS de- 
pressants. Withdrawal symptoms similar to those with 
barbiturates and alcohol have been observed with 
abrupt discontinuation, usually limited to extended use 
and excessive doses. Infrequently, milder withdrawal 
symptoms have been reported following abrupt discon- 
tinuation of benzodiazepines after continuous use, 
generally at higher therapeutic levels, for at least 
several months. After extended therapy, gradually 
taper dosage. Keep addiction-prone individuals under 
careful surveillance because of their predisposition to 
habituation and dependence. 

Usage in Pregnancy: Use of minor tranquil- 

izers during first trimester should almost 
¢ always be avoided because of increased 

risk of congenital malformations as sug- 

gested in several studies. Consider 

possibility of pregnancy when instituting 

therapy; advise patients to discuss therapy 

if they intend to or do become pregnant. 
Precautions: if combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of 
agents employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and other anti- 
depressants may potentiate its action. Usual precau- 
tions indicated in patients severely depressed. or with 
latent depression, or with suicidal tendencies. Observe 


_ usual precautions in impaired renal or hepatic function 


Limit dosage to smallest effective amount in elderly 
and debilitated to preclude ataxia or oversedation 
Side Effects: Drowsiness. confusion, diplopia. 
hypotension, changes in libido, nausea, fatigue, 
depression, dysarthria. jaundice, skin rash, ataxia, 
constipation, headache, incontinence, changes in 
salivation, slurred speech, tremor, vertigo, urinary 
retention, blurred vision. Paradoxical reactions such as 
acute hyperexcited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported: should 
these occur, discontinue drug. Isolated reports of 
neutropenia, jaundice; periodic blood counts and liver 
function tests advisable during long-term therapy 
Dosage: Individualize for maximum beneficial effect 
Adults: Anxiety disorders, symptoms of anxiety, 2 to 10 
mg b.i.d. toq.i.d.; alcoholism, 10 mg t i.d. or q.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i. d. as needed. 
adjunctively in skeletal muscle spasm, 2 to 10 mg t i.d 
or q.i d.; adjunctively in convulsive disorders, 2 to 10 
mg bid. to q.i.d. Geriatric or debilitated patients: 2 tc 
22 mg. 1 or 2 times daily initially, increasing as 
needed and tolerated. (See Precautions.) Children: 1 to 
2v2 mg t.i.d. orqid. initially, increasing as needed 
and tolerated (not for use under 6 months) 

Supplied: Valium? (diazepam/Roche) Tablets, 2 mg. - 
5 mg and 10 mg— bottles of 100 and 500; Tel-E-Dose* 
packages of 100, available in trays of 4 reverse-num- 
bered boxes of 25, and in boxes containing 10 strips 
of 10; Prescription Paks of 50, available in trays of 10 


Roche Laboratories 
(ROCHE Division of Hoffmann-La Roche Inc 
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Every cardiologist, internist, pediatrician, surgeon—indeed, 

every physician—should have a good basic knowledge of 

the Pre-excitation Syndrome. Here are just a few reasons why 

this is so essential: 

_| V3 of all pre-excitation cases are misdiagnosed. 

[1 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

|] In 'à of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

(L] 3 to V2 of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is brought a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson:White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiologv. " 


Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 


-— 
| YORKE MEDICAL BOOKS, 666 Fifth Ave, N.Y., N.Y. 10103 | 
| Please send me a copy of THE PRE-EXCITATION SYNDROME | 
| at $33.00. 1 may use the book for 30 days and if not completely | 
| satisfied, return it for full refund or credit. | 
| Bill me plus cost of shipping. | 
at Payment enclosed, publisher pays shipping. | 
| Charge my credit card: MasterCard Visa. | 
| Card No: 12s — Expire PAIR | 
| NAME | 
| | 
| ADDRESS. — : o 
| -CITY WW Mu STATES SEP | 
| New York residents add applicable sales tax. Countries outside Western Hemisphere add | 

$5.00 per copy. 
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" bow aoul thrown out your Holter service? 
! f co pomme 
gives you only the beats you want...the really sick ones." 





, 
; 
| 





"Hmmm... hard to believe...” 


Rep: No, no, you don't under- you just send a salesman? And remember...those far-away 
stand. Our machine has been pre- — Rep: Salesman? Whaaat salesman? Seminars and demonstrations can 
programmed to record only the These things sell themselves, Doc. Mean far-away delivery and far- 
abnormal beats. Why waste time Our recorders monitor up to two, away service facilities. 
with all the unimportant stuff? that’s two full hours of significant At Clinical Data, you don’t have 
“Doc:” I do understand...and/ like cardiac events. I mean, a patient tO ask a lot of questions about a lot 
to be the one to decide what's im- with any more trouble than of complicated contingencies. Just 
portant; to decide what's clinically — that... what's the point, y know? one simple question: does Clinical 
significant or insignificant. “Doc:” Saaay!... would you like to Data give you a state-of-the-art, 


comprehensive, quality-controlled, 


Rep: But... hear a really unusual sound? readable, long-term ECG report? 
*Doc:" How can I be sure that Rep: Uh...sure. With accurate data, clearly reported? 

thing records all I want to see? “Doc:” (CLICK) simple answer...YES. 

What happens to all the wurecord- Even if you've seen one of 

ed heartbeats? I'm supposed to Now we're not saying that there Clinical Data’s LCG Reports, you 

accept what your micro-processor aren't some awfully spiffy micro- — haven't seen one of Clinical Data's 

records on blind faith, right?... technological miracles in new Hol- mew LCG Reports. We've made 

Wrong! ter recording devices out there. the best even better. Call or write. 


We're just asking you to be care- We’ll send you one. ' 
ful. Be ready. Ask the tough ques- oe 
eigen vVnow, alittle fur, take tions. About too-good-to-be-true Clinical Data, Inc. 
2 Tir ik the y ‘Ae dis i performance claims, options, and 1371 Beacon Street, 
p S confounding complications. And Brookline, MA 02146 
“Doc:” I also like to decide when don't forget to demand a "show Toll-free 800-225-9180 


and where I'll vacation. Why cant ^ me,” hands-on demonstration. In Mass. call (1) 734-3700 
pu ^s 


Rep: Saaay!... why don't we fly you 
right out here for a little business 
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NOW RECOMMENDED FOR 
INITIAL THERAPY IN SELECTED 
HYPERTENSIVE PATIENTS 


“In selected younger patients with a 
rapid heart rate and/or high pulse pressure, 
beta-adrenergic blocking agents may be 
appropriate for Step 1 drug therapy.’ 


—Report of the Joint National Committee 
on Detection, Evaluation, and Treatment of 
High Blood Pressure, 1980. 
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BID FOR HYPERTENSION 


Please see following page for Brief Summary of Prescribing Information 
on Contraindications, Precautions, Adverse Reactions, and Warnings, in- 
cluding avoidance of abrupt withdrawal. ° 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal BRAND OF propranolol hydrochloride A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 

ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 








" CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen sea- 
son; 3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right 
- ventricular failure secondary to pulmonary hypertension; 6) congestive heart failure (see 
_ WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) 
in patients on adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and 
_ during the two week withdrawal period from such drugs 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure, and inhibition with beta-blockade always carries the po- 
tential hazard of further depressing myocardial contractility and precipitating cardiac fail- 
ure. INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart 
muscle (/.e., that of supporting the strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis may be reduced by INDERALs 
negative inotropic effect. The effects of INDERAL and digitalis are additive in depressing AV 
conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some cases, lead to carciac failure. In rare in- 
stances, this has been observed during INDERAL therapy. Therefcre, at the first sign or 
symptom of impending cardiac failure, patients should be fully digitalized and/or given a 
diuretic, and the response observed closely: a) if cardiac failure continues, despite ade- 
quate digitalization and diuretic therapy, INDERAL therapy should be immediately with- 
drawn; b) if tachyarrhythmia is being controlled, patients should be maintained on com- 
bined therapy and the patient closely followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuation of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In addition, when 
INDERAL is prescribed for angina pectoris, the patient should be cautioned against 
interruption or cessation of therapy without the physician's advice. If INDERAL therapy 
is interrupted and exacerbation of angina occurs, it usually is advisable to reinstitute 
INDERAL therapy and take other measures appropriate for the management of unsta- 
ble angina pectoris. Since coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease, who are given propranolol for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use 
have not been adequately appraised. Special consideration should be given to 
propranolol's potential for aggravating congestive heart failure. Propranolol may mask the 
clinical signs of developing or continuing hyperthyroidism or complications and give a false 
impression of improvement. Therefore, abrupt withdrawal of propranolol may be followed by 
an exacerbation of symptoms of hyperthyroidism, including thyroid storm. This is another 
reason for withdrawing propranolol slowly. Propranolol does not distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY. beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery. at which time all chemical and 
physiologic effects are gone according to available evidence. However, in case of emer- 
gency surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects 
can be reversed by administration of such agents, e.g., isoproterenol or levarterenol. How- 
ever, such patients may be subject to protracte@ severe hypotension. Difficulty in restarting 
and maintaining the heart beat has also been reported 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRON- 
CHITIS, EMPHYSEMA), INDERAL should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of 
beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta- 
adrenergic blocking activity, INDERAL may prevent the appearance of premonitory signs 
and symptoms (pulse rate and pressure changes) of acute hypoglycemia. This is especially 
important to keep in mind in patients with labile diabetes. Hypoglycemic attacks may be ac- 
companied by a precipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been estab- 
lished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit 
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THE MOST WIDELY PRESCRIBED — - 
-BETA BLOCKER IN THE WORLD ! 


INDERAL 


PROPRANOLOL HCI 
B.I.D. FOR HYPERTENSION 





Embryotoxic effects have been seen in animal studies at doses about 10 times the maximum 
recommended human dose. PRECAUTIONS 


Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug 
may then produce an excessive reduction of the resting sympathetic nervous activity. Occa- 
sionally, the pharmacologic activity of INDERAL may produce hypotension and/or marked 
bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired 


renal or hepatic function ADVERSE REACTIONS 
Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocyto- 
penic purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia: visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short term memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopec a. Oculomucocutaneous reactions involving the skin, 
serous membranes and conjunctivae reported for a beta blocker (practolol) have not been 
conclusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


ORAL DOSAGE AND ADMINISTRATION 


HYPERTENSION —Dosage must be individualized. The usual initial dosage is 40 mg 
INDERAL twice daily, whether used alone or added to a diuretic. Dosage may be increased 
gradually until adequate blood pressure is achieved. The usual dosage is 160 to 480 mg per 
day. In some instances a dosage of 640 mg may be required. The time needed for full hyper- 
tensive response to a given dosage is variable and may range from a few days to several 
weeks. 

While twice-daily dosing is effective and can maintain a reduction in blood pressure 
throughout the day, some patients, especially when lower doses are used, may experience 
a modest rise in blood pressure toward the end of the 12 hour dosing interval. This can be 
evaluated by measuring blood pressure near the end of the dosing interval to determine 
whether satisfactory control is being maintained throughout the day. If control is not ade- 
quate, a larger dose, or 3 times dailv therapy may achieve better control. 


PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit ade- 
quate directions for use. 


INTRAVENOUS 
The intravenous administration of INDERAL has not been evaluated adequately in the 
management of hypertensive emergencies 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RE- 
SPONSE TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 

CARDIAC FAILURE—DIGITALIZATION AND DIURETICS. 

HYPOTENSION— VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE). 

BRONCHOSPASM— ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 


HOW SUPPLIED 
TABLETS INDERAL (propranolol hydrochloride) 


No. 461—Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100 

No. 462 —Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100. 

No. 464—Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100 

No. 468— Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 100 
and 1,000. Also in unit dose package of 100 


INJECTABLE 
No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The 
pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10 e 


REFERENCE 
Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure: 


Arch. Intern. Med. 140:1280 (Oct.) 1980. 7514/R381 
AYERST LABORATORIES 
New York, N.Y. 10018 E 


EPIDEMIOLOGY 





Comparative Features of Newly Acquired Left and Right 
Bundle Branch Block in the General Population: 


The Framingham Study 


JOHN F. SCHNEIDER, MD* 

H. EMERSON THOMAS, Jr., MD! 
PAUL SORLIE? 

BERNARD E. KREGER, MD! 
PATRICIA M. McNAMARAS§ 
WILLIAM B. KANNEL, MD, FACC} 


Boston and Framingham, Massachusetts 
Bethesda, Maryland 


From the Cardiovascular Division,* Peter Bent 
Brigham Hospital, Boston, Massachusetts; the 
Departments of Medicine and Epidemiology, 
Boston University Medical Center (supported by 
Contract HV-5297 1), Boston, Massachusetts; the 
Biometrics Research Branch,* National Heart, 
Lung, and Blood Institute, Bethesda, Maryland; and 
the Framingham Heart Study, National Heart, 
Lung, and Blood Institute, Framingham, Massa- 
chusetts. Manuscript received June 16, 1980; 
revised manuscript received November 3, 1980, 
accepted November 7, 1980. 

Address for reprints: Patricia M. McNamara, 
Framingham Heart Study, 118 Lincoln Street, 
Framingham, Massachusejts 01701. 


Cardiovascular abnormalities were prospectively identified in all 55 
persons who acquired left bundle branch block and all 70 persons who 
acquired right bundle branch block during 18 years of follow-up of the 
Framingham Study cohort. Those with left and right bundle branch block 
did not differ from each other in the overall prevalence of either hyper- 
tension, clinical coronary disease or diabetes. In men, but not in women, 
left bundle branch block was associated with a significantly greater 
prevalence of cardiac enlargement and congestive failure than was right 
bundle branch block. A trend suggesting a higher mortality rate from 
cardiovascular disease in those with left than in those with right bundle 
branch block was more apparent in men than in women. It is concluded 
that in the general adult population, men who acquire left bundle branch 
block are more likely to have or subsequently acquire advanced cardio- 
vascular abnormalities than are men who acquire right bundle branch 
block. In women, however, the clinical correlates of the two conduction 
abnormalities are similar. 


It has long been held! that complete right bundle branch block is more 
likely to occur in persons free from other clinically apparent cardiovas- 
cular disease and less likely to be associated with advanced cardiovas- 
cular abnormalities than is complete left bundle branch block. This 
teaching is largely derived from studies of bundle branch block in hos- 
pitalized patients and, to a lesser extent, from studies of community- 
based and young military populations.?-1? However, because both hos- 
pital and military populations are preselected on the basis of age and 
state of underlying health, and military populations are preselected on 
the basis of sex, findings based on such populations are not necessarily 
applicable to the general population. The available studies of this subject 
in community-based populations suffer from a small number of cases 
and short duration of follow-up. 

This study was designed to compare the clinical correlates of complete 
left and right bundle branch block in all members of a free-living, rep- 
resentative sample of the general adult population who acquired these 
conduction defects during 18 years of routine biennial follow-up. Such 
a prospective epidemiologic assessment should provide a more reliable 
comparison of the incidence of, and cardiovascular morbidity and 
mortality associated with, acquired complete left and right bundle 
branch block than was previously available. * 


Methods ` . 


Selection of patients: Since 1949, a representative sample of the adult pop- 
ulation of Framingham, Massachusetts has been followed up for the development 
of cardiovascular diseases. Details of the selection and characteristics of these 
5,209 persons who make up the Framingham Heart Study population have been 
reported elsewhere.!^ Each member of the population underwent biennial ex- 
aminations that included a complete history, physical examination, chest 
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roentgenography, 12 lead electrocardiography and multiple 
blóod chemistry determinations.!? On the initial Framingham 
examination, 17 persons had left bundle branch block and 16 
had right bundle branch block. These persons will be referred 
to as the *exam-one" bundle branch block cases. They were 
analyzed separately because the date of the initial onset of left 
or right bundle branch block in them was not known. Of the 
remaining 5,176 members of the Framingham Study cohort 
who were free from left or right bundle branch block on the 
initial examination, left bundle branch block developed in 55 
(31 men, 24 women) and right bundle branch block developed 
in 70 (49 men, 21 women) during 18 years of subsequent 
biennial follow-up. 

The criteria for the diagnosis of left bundle branch block 
were the following: (1) a QRS duration of 0.12 second or 
greater; (2) a slurred R wave in the left precordial leads or lead 
I with a delayed intrinsicoid deflection; (3) absence of septal 
Q waves in the left precordial leads; and (4) small or absent 
R waves in leads V; and Vo». 

The criteria for the diagnosis of right bundle branch block 
were the following: (1) a QRS duration of 0.12 second or 
greater; (2) an R-R’, R-r’ or r-R’ complex in lead V; and (3) 
a broad S wave in the left precordial leads or standard lead 
I. 

Clinical cardiovascular abnormalities: For all persons 
who acquired left or right bundle branch block, Framingham 
examinations up to and including number 11 (20 years of 
follow-up) were reviewed for the existence of hypertension 
(160/95 mm Hg or greater), cardiac enlargement on chest 
roentgenography, diabetes, congestive heart failure, coronary 
heart disease, valvular heart disease and death from cardio- 
vascular disease. Categories of coronary heart disease included 
angina pectoris, coronary insufficiency, myocardial infarction 
and sudden death. The diagnosis of angina pectoris was made 
only on the basis of a typical history of brief, recurrent chest 
discomfort of up to 15 minutes' duration, precipitated by 
exertion or emotion and relieved by rest or nitroglycerin. 
Electrocardiographic abnormalities were not taken into ac- 
count in making the diagnosis of angina. No patient under- 
went coronary arteriography. Sudden death was defined as 
death within 1 hour of the onset of symptoms in a subject who 
was previously apparently well if the death could not rea- 
sonably be attributed to some potentially lethal disease other 
than coronary heart disease. Death from cardiovascular dis- 
ease was defined as any death in which the underlying cause 
was any disease of the heart or blood vessels. Framingham 
criteria for the designation of the remainder of the specified 
cardiovascular abnormalities have previously been de- 
scribed.!$ 

To determine the temporal relation between the onset of 
these abnormalities and the onset of left and right bundle 
branch block, each abnormality was designated as either an- 
tecedent, coincident or subsequent. An abnormality initially 
noted on any examination before the examination on which 
left or right bundle branch block first appeared was considered 
an antecedent abnormality. An abnormality initially noted 
on the Framingham examination at which left or right bundle 
branch block first appeared was considered a coincident ab- 
normality. An abnormality first manifested any time after the 
Framingham examination at which left or right bundle branch 
block first appeared was labeled a subsequent abnormality. 

Analysis of data: Chi-square analysis, Fisher’s exact 
probability method and the ¢ test for difference of sample 
means were used, where appropriate, as the tests of signifi- 
cance of the comparisons between left and right bundle branch 
block. 

To delineate further the relation between the appearance 
of. left and right bundle branch block and the subsequent 


incidence of coronary heart disease or congestive heart fail-' 
ure, univariate and multivariate (accounting for age, systolic 
blood pressure and diabetes) logistic function coefficients for 
the regression of the incidence of coronary heart disease or 
congestive heart failure on the presence of newly acquired left 
or right bundle branch block were computed for men and 
women free from coronary disease and congestive failure on 
the examination at which left or right bundle branch block was 
first noted. The logistic regression model states that the 
probability of disease (p) as a function in individual charac- 
teristics (xj) is described by the function p = [1 + exp (-a — 
2~(;x;)|~!. The parameters of the model (8;) are estimated 
using a maximal likelihood procedure and the standard errors 
are calculated. As an analytical tool, the characteristic x; 
contributes in a statistically significant way if 0; differs sig- 
nificantly from zero (T value greater than 1.96 for a two-sided 
test p «0.05).!7 

Cumulative mortality rates from cardiovascular disease 
were calculated by the life table method to account for 
varying periods of follow-up. A large control group of subjects 
free from left and right bundle branch block was utilized for 
this analysis to allow meaningful comparisons of mortality 
based on the life table method. This control group consisted 
of all members of the Framingham Study population aged 50 
to 59 years on the initial Framingham examination who 
reached at least the mean age of 61 while under observation. 
All remained free from left or right bundle branch block. This 
cohort was chosen because the subjects were old enough to 
permit 10 years of longitudinal surveillance of the cohort after 
the mean age of 61 was attained. The mean age of 61 was se- 
lected as the starting point for the life table cardiovascular 
disease mortality calculations in this control group because 
this was the mean age at the onset of left and right bundle 
branch block in members of the Framingham Study cohort. 
'The log-rank test was used to evaluate the statistical signifi- 
cance of differences in all comparisons of life table cardio- 
vascular disease mortality rates.!8 To assess any independent 
contribution of the appearance of left or right bundle branch 
block to the risk of cardiovascular disease mortality, univariate 
and multivariate (taking into account age, systolic blood 
pressure, diabetes, coronary heart disease and congestive heart 
failure) logistic function coefficients for the regression of the 
incidence of cardiovascular disease mortality on the presence 
of newly acquired left or right bundle branch block were 
computed for men and women. 


Results 


Data regarding the age and follow-up of those who 
acquired left or right bundle branch block after the 
initial Framingham examination are given in Table I. 
'The mean age at the onset of left or right bundle branch 
block was 62 and 60 years, respectively. Thé mean 
length of the follow-up period in persons with left 
bundle branch block was similar to that in those with 
right bundle branch block. In both subjects with left and 
those with right bundle branch block, the mean age at 
the onset of block and the total duration of follow-up 
were similar for men and women. 

Incidence: Figure 1 demonstrates that the overall 
incidence of both left and right bundle branch block in 
the Framingham population was low. In all age groups 
combined, the incidence of left bundle branch block was 
1.6 times greater in men than in women, whereas the 
incidence of right bundle branch block was 3 times 
greater in men than in women. The incidence of both 
left and right bundle branch block increased with age, 
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TABLE | 


Age and Follow-Up (in years) of Patients with Newly 
Acquired Bundle Branch Block (BBB) 


Right BBB 
(n = 70) 


Left BBB 
(n = 55) 


Mean Range Mean Range 





Age on "exam one’’* 50 34-61 50 30-64 
Age on examination at which BBB first 60 38-77 62 36-78 
appeared 


Time observed before the onset of BBB 11 2-18 12 2-18 
Time observed after the onset of BBB 6 0-18 6 0-18 
Total follow-up 17 6-20 18 4-20 


* Refers to the initial Framingham examination. 


and the male predominance prevailed in each decade. 
The sole exception to this trend was that in the 8th 
decade, the incidence of right bundle branch block in 
men decreased and was actually smaller than that seen 
in women. 

Antecedent cardiovascular abnormalities: The 
appearance of both left and right bundle branch block 
was preceded by clinical evidence of at least one of the 
designated cardiovascular abnormalities in slightly 
more than 70 percent of the subjects (Fig. 2). Hyper- 
tension was the most prevalent antecedent abnormality, 
occurring before the onset of both left and right bundle 
branch block in more than 60 percent of cases. However, 
the great majority of those who had either left or right 
bundle branch block were free from clinical evidence of 
coronary disease, congestive failure, valve disease and 
diabetes before the onset of block. Cardiac enlargement 
on chest roentgenography preceded the onset of left 
bundle branch block almost twice as often as it did that 
of right bundle branch block, but no significant differ- 
ences were noted in the prevalence of any other car- 
diovascular abnormality before the onset of block. 

Coincident cardiovascular abnormalities: In both 
those with left and those with right bundle branch 
block, the development of new cardiovascular abnor- 
malities was uncommon in the 2 year interval immedi- 
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FIGURE 1. Two year incidence rates of bundle branch block by age. 
LBBB - left bundle bramch block; RBBB - right bundle branch 
block. 
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TABLE Il : 
Incidence of Coincident* Cardiovascular Abnormalities 
Left Bundle Right Bundle 
Branch Block Branch Block 
n % n 96 
Cardiac enlargement 2/31 6 1/53 2 
Coronary heart disease 6/45 13 4/57 7 
Congestive heart failure 4/51 8 3/67 5 


* Cardiovascular abnormalities occurring for the first time during the 
2 year interval beginning immediately after the examination before the 
onset of right or left bundle branch block and extending to the exami- 
nation at which right or left bundle branch block first appeared. De- 
nominators for the incidence calculations for each abnormality include 
only those free from that abnormality on examinations up to and in- 
cluding the examination before the onset of block. 


ately preceding the Framingham examination at which 
evidence of block first appeared (‘Table II). In only four 
persons with right bundle branch block and in none of 
those with left bundle branch block was the onset of 
block accompanied by a clinically suspected myocardial 
infarction. During this interval no significant difference 
existed between those with left and those with right 
bundle branch block in the incidence of any cardio- 
vascular abnormality. The onset of both types of bundle 
branch block was clinically silent in the vast majority 
of cases. 

Subsequent cardiovascular abnormalities: Figure 
3 compares the incidence of cardiovascular abnor- 
malities after the onset of left and right bundle branch 
block. In almost 20 percent of those with left and 30 
percent of those with right bundle branch block who 
were free from clinical coronary disease on the Fram- 
ingham examination at which block first appeared, 
evidence of such disease subsequently developed during 
the follow-up period. In 21 percent of those with left 
bundle branch block who were free from clinical con- 
gestive heart failure on the examination at which block 
first appeared, evidence of failure subsequently devel- 
oped during the follow-up period. This was twice the 
incidence of congestive heart failure seen after the onset 
of right bundle branch block. 
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FIGURE 2. Prevalence of cardiovascular abnormalities before the onset 
of bundle branch block. LBBB = left bundle branch block; RBBB = right 
bundle branch block. y^ Ts 
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FIGURE 3. Incidence of cardiovascular abnormalities after the onset 
of bundle branch block. Denominators for the incidence calculations 
for each abnormality include only those persons free from that abnor- 
mality on examinations up to and including the examination at which 
bundle branch block first appeared. LBBB = left bundle branch block; 
RBBB - right bundle branch block. 


The standardized univariate logistic function coef- 
ficients for the regression of the incidence of coronary 
disease or congestive failure on newly acquired left and 
right bundle branch block (Table III) further suggest 
that both men and women in whom either left or right 
bundle branch block develops have an increased risk of 
subsequent development of coronary disease or con- 
gestive failure compared with the general population. 
Table III also shows that when adjustments are made 
by multivariate logistic function analysis to account for 
the influence of the associated age, diabetic status and 
systolic blood pressure, the appearance of either left or 


TABLE Ill 


Regression of Incidence of Coronary Heart Disease or 
Congestive Heart Failure on Acquired Left and Right 
Bundle Branch Block (age 30 to 62 years at entry: 

20 year follow-up) 


Standardized Logistic Function Coefficients 


Men Women 
Univariate Univariate 
Coefficient T Value Coefficient T Value 
Left bundle 0.086 2.915 0.082 3.085 
branch block 
Right bundle 0.098 2.945 0.104 4.17! 


branch block 


Multivariate * Multivariate 


Coefficient T Value Coefficient T Value 
Left bundle 0.052 1.70! 0.066 2.41! 
branch block 
Right bundle 0.064 1.911 0.090 3.49! 


branch block 


* Variables include age, systolic blood hrossure and diabetes. ! p 
(probability) «0.10. t p <0.05. § p <0.01. |! p <0.001. 
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FIGURE 4. Prevalence of cardiovascular abnormalities during the entire 
period of follow-up. LBBB = left bundle branch block; RBBB = right 
bundle branch block. 


right bundle branch block in women contributes inde- 
pendently to an increased risk of subsequent develop- 
ment of coronary disease or congestive heart failure. In 
men, however, once the influence of these coexisting 
factors is taken into account, the independent contri- 
bution of the appearance of either left or right bundle 
branch block to an increased risk of development of 
coronary disease or congestive heart failure is of only 
borderline statistical significance. After the onset of 
bundle branch block, none of those with left bundle 
branch block and only four of those with right bundle 
branch block had evidence of high degree atrioven- 
tricular (A-V) block, that is, Mobitz type II second de- 
gree A-V block or third degree A-V block. The QRS axis 
on the Framingham examination preceding the ap- 
pearance of high degree A-V block in these four cases 
with right bundle branch block was +120° in two, +70° 
in one and —70° in one. 

Overall cardiovascular abnormalities: The overall 
prevalence of each cardiovascular abnormality during 
the entire period of observation in those who acquired 
left or right bundle branch block is illustrated in Figure 
4. The prevalence rate of most abnormalities was high 
in both those with left and those with right bundle 
branch block. Only 11 percent of those with left and 21 
percent of those with right bundle branch block re- 
mained free from all of the designated cardiovascular 
abnormalities during the entire period of observation. 
The only notable differences were in the prevalence of 
cardiac enlargement and congestive heart failure, both 
of which were more common in those with left bundle 
branch block. However, when men and women are an- 
alyzed separately (Fig. 5), left bundle branch block was 
associated with significantly more cardiac enlargement 
and congestive failure than right bundle branch block 
in men only. In women, there was no significant differ- 
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FIGURE 5. Prevalence of cardiovascular abnormalities during the entire 
period of follow-up in men versus women. Abbreviations in upper panel 
explained in lower panel. 


ence between those with left and those with right bundle 
branch block in the prevalence of any of the designated 
cardiovascular abnormalities. 

Bifascicular versus unifascicular block: In the 
trifascicular classification of the human intraventricular 
conduction system, left bundle branch block, right 
bundle branch block with left anterior fascicular block 
and right bundle branch block with left posterior fas- 
cicular block are all considered “bifascicular” blocks, 
whereas right bundle branch block without additional 
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FIGURE 6. Prevalence of cardiovascular abnormali- 
tieseduring the entire period of follow-up in subgroups 
according to axis deviation. 
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left fascicular block is considered a “unifascicular” 
block. To determine whether additional left fascicufar 
block in patients with right bundle branch block influ- 
ences the comparative clinical features of right and left 
bundle branch block, the cases with right bundle branch 
block were divided according to the QRS axis on the 
Framingham examination that immediately preceded 
death, the appearance of high degree A-V block or the 
end of the follow-up period (Fig. 6). Because there is no 
uniform opinion concerning the precise QRS axis re- 
quired for the designation of left anterior fascicular 
block in the presence of right bundle branch block, 
subjects whose axis was between —45? and —90? (Group 
1) were analyzed separately from those whose axis was 
between —30? and —44? (Group 2). Those with right 
bundle branch block and an axis between —29? and 
4-90? (Group 3) were considered to have “unifascicular” 
right bundle branch block, whereas the four subjects 
with an axis between +91° and 4-180? (Group 4) were 
not considered to have “unifascicular” right bundle 
branch block because of the possibility of involvement 
of the left posterior fasicle of the left bundle branch. 
The ratio of men to women was similar in the four 
subgroups of right bundle branch block. All QRS axis 
measurements utilized only the initial 0.08 second of the 
QRS complex. Figure 6 illustrates that the prevalence 
of hypertension, cardiac enlargement and coronary 
heart disease were similar in the subjects with left 
bundle branch block and the subjects with Group 1 right 
bundle branch block. In addition, similar percentages 
of subjects with left bundle branch block and Group 1 
right bundle branch block remained free from all asso- 
ciated cardiovascular abnormalities. On the other hand, 
subjects with Group 3 (“unifascicular’’) right bundle 
branch block were less likely to have cardiac enlarge- 
ment (p <0.05) and congestive heart failure (p <0.1) 
than those with left bundle branch block, and were more 
than twice as likely to remain free from all cardiovas- 
cular abnormalities as those with left bundle branch 
block (p <0.05). Once again, however, separate analysis 
of men and women revealed that it was only among men 
that left bundle branch block was associated with a 
significant (p «0.05) increase in cardiac enlargement 
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FIGURE 7. Cumulative cardiovascular disease mortality 
rates after the onset of bundle branch block. LBBB = left 
10 bundle branch block; RBBB = right bundle branch 


YEARS AFTER ONSET OF BUNDLE BRANCH BLOCK block. 


and congestive heart failure compared with subjects 
with Group 3 (unifascicular) right bundle branch 
block. 

Cardiovascular disease mortality: Cumulative 
cardiovascular disease mortality rates during the 10 year 
interval after the appearance of left and right bundle 
branch are shown in Figure 7. In the 10 years after the 
onset of block, the cumulative cardiovascular disease 
mortality rate in those with left and those with right 
bundle branch block was more than 4 and 3 times 
greater, respectively, than in members of the general 
population of similar age who were free from bundle 
branch bleck (p <0.001). The proportion of deaths from 
cardiovascular disease that were sudden deaths was 
similar in those with left bundle branch block (5 of 17, 
29 percent) and those with right bundle branch block 
(5 of 16, 31 percent). The precise mechanism of these 





2 4 6 8 


sudden deaths, that is, those from ventricular fibrilla- 
tion, complete heart block and so on, could not be de- 
termined. 

Overall, there was a definite trend indicating a 
higher mortality rate from cardiovascular disease in 
those with left bundle branch block than in those with 
right bundle branch block. However, because of the 
relatively small number of cases of bundle branch block 
in this study, this difference did not achieve statistical 
significance at the 0.05 level. Figure 8 illustrates that the 
trend suggesting a higher cardiovascular disease mor- 
tality rate in those with left than in those with right 
bundle branch block was more apparent in men than in 
women. In women, the cardiovascular disease mortality 
rates associated with left and right bundle branch block 
were very similar. Again, however, because of the small 
numbers, the difference between men and women in the 
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FIGURE 8. Cumulative cardiovascular disease mortality rates after the onset of bundle branch block in men versus women. LBBB - left bundle 
branch block; RBBB - right bundle branch block. 
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TABLE IV 


Regression of Incidence of Mortality From Cardiovascular 
Disease on Acquired Left and Right Bundle Branch Block 
(age 30 to 62 at years entry: 20 year follow-up) 


Standardized Logistic Function Coefficients 


Men Women 
Univariate Univariate 
Coefficient T Value Coefficient T Value 


Left bundle 0.160 6.36! 0.113 3.67% 


branch block 
Right bundle 0.129 3.641 0.112 3.36! 
branch block 


Multivariate * Multivariate 
Coefficient T Value Coefficient T Value 
Left bundle 0.068 2.33! 0.026 0.74 


branch block 
Right bundle 0.054 1.36 0.062 1.77 
branch block 


* Variables include age, systolic blood pressure, diabetes, coronary 
heart disease and congestive heart failure.  p «0.05. * p «0.001. 


comparisons of mortality from cardiovascular disease 
in the left and right bundle branch block groups were 
not significant at the 0.05 level. Although the subjects 
with Group 1 right bundle branch block (QRS axis be- 
tween —45? and —90?) had a prevalence of hyperten- 
sion, cardiac enlargement and coronary heart disease 
similar to that in the subjects with left bundle branch 
block, their cumulative mortality from cardiovascular 
disease within 10 years of the onset of block (19 percent) 
was less than half that of the subjects with left bundle 
branch block (45 percent). The cumulative 10 year 
cardiovascular disease mortality in the subjects with 
Group 3 right bundle branch block (QRS between —29° 
and 4-90?) (36 percent) was intermediate between that 
of subjects with left bundle branch block and those with 
Group 1 right bundle branch block. The numbers of 
cases in each right bundle branch block subgroup were 
too small to determine whether these differences were 
also confined to men. 
Standardized univariate logistic function coeffi- 
cients for the regression of the incidence of cardio- 
vascular disease mortality on newly acquired left and 
right bundle branch block further suggest that both 
men ant women in whom either left or right bundle 
branch block develops have an increased risk of death 
from cardiovascular disease compared with the general 
population (Table IV). This is not an unexpected 
finding considering the high prevalence rate of cardio- 
vascular abnormalities during life in persons who ac- 
quire either left or right bundle branch block. However, 
once the influence of the associated age, systolic blood 
pressure, diabetic status, coronary disease and con- 
gestive failure is accounted for, only in men with left 
bundle branch block does the acquisition of the con- 
duetion defect contribute independently to the in- 
creased risk of mortality from cardiovascular disease 
(Table IV). In men with right bundle branch block and 
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TABLE V 


Prevalence of Cardiovascular Abnormalities During the 
Entire Period of Follow-Up in 33 Persons Who Had Either 
Left or Right Bundle Branch Block on the First Framingham 
Examination (Exam-One) 





Left Bundle Right Bundle 
Branch Block Branch Block 
(n = 17) (n = 16) 
(96) (96) p Value 
Hypertension 76 39 «0.05 
Cardiac enlargement 65 13 «0.01 
Coronary heart disease 41 19 NS 
Congestive heart failure 35 19 NS 
Diabetes 12 6 NS 
Valvular heart disease 6 6 NS 
No abnormalities 6 25 NS 


NS = not significant. 


in women with either left or right bundle branch block, 
the increased incidence of mortality from cardiovascular 
disease could be predicted entirely on the basis of the 
influence of associated cardiovascular abnormalities 
that were clinically apparent before death. 
*Exam-one" right bundle branch block and left 
bundle branch block: On the initial Framingham ex- 
amination (exam-one), 17 persons had left bundle 
branch block (6 men, 11 women) and 16 had right 
bundle branch block (9 men, 7 women). The mean age 
of the groups with exam-one left and right bundle 
branch block was 49 and 48 years, respectively. It was 
not possible to determine the actual age at which block 
first appeared in any of these cases. The mean follow-up 
period of the exam-one left and right bundle branch 
block groups was 15 and 16 years, respectively. During 
this period, subjects with exam-one left bundle branch 
block had more than 4 times the prevalence of cardiac 
enlargement on roentgenography and approximately 
twice the prevalence of hypertension, coronary disease 
and congestive failure as did those with exam-one right 
bundle branch block (Table V). The latter two differ- 
ences fell short of statistical significance at the 0.05 level, 
probably because of the small numbers. Only 6 percent 
of those with exam-one left bundle branch block re- 
mained free from all of the designated cardiovascular 
abnormalities during the entire period of follow-up, 
compared with 25 percent of those with exam-one right 
bundle branch block. The number of cases was too small 
to determine whether these differences were confined 
to men, as was found with those who acquired left or 
right bundle branch block while under observation. 


Discussion 


Previous studies on clinical correlates of bundle 
branch block: The currehtly accepted electrocardio- 
graphic criteria for complete left and right bundle 
branch block were delineated in the early 1930s after the 
introduction of the precordial leads.!? Since that time, 
numerous studies have examined the comparative 
clinical features of left and right bundle branch block 
in hospital-, military- and community-based popula- 
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tions. The largest study from a hospital-based popula- 
tion was reported from the Massachusetts General 
Hospital,?-4^ where 555 consecutive patients with left 
bundle branch block and 281 consecutive patients with 
right bundle branch block were compared. In this series, 
the majority of those with left and those with right 
bundle branch block had clinically apparent coronary 
heart disease or hypertensive heart disease, or both. 
However, right bundle branch block was seen in the 
absence of clinically apparent cardiac disease almost 3 
times more often than was left bundle branch block (35 
percent versus 13 percent). Nevertheless, among pa- 
tients over age 50, the average survival time was similar 
in those with left and those with right bundle branch 
block. Numerous other hospital-based studies have 
supported the finding that right bundle branch block 
occurs in the absence of other clinically apparent car- 
diovascular abnormalities more often than does left 
bundle branch block.5-? Some, however, have found the 
mortality rate associated with left bundle block to be 
higher than that associated with right bundle branch 
block.5.19 

Persons who have a myocardial infarction and who 
either have preexisting bundle branch block or acquire 
it during the acute infarction have repeatedly been 
shown to have a large incidence of peri-infarction 
“pump” failure and a high mortality rate.???! [n a recent 
cooperative study of patients who had bundle branch 
block associated with an acute myocardial infarction, 
the 1 year mortality rate after the acute infarction ap- 
proached 50 percent and was similar in those with left 
and those with right bundle branch block. Almost half 
of these deaths occurred before discharge from the 
hospital, and most were due to the pump failure. On the 
other hand, in a cohort of ambulatory men who had 
survived at least 3 months (mean 36 months) after their 
last myocardial infarction!? and who were in New York 
Heart Association functional class I or II, those with left 
bundle branch block had a significant increase in sub- 
sequent mortality compared with those without block, 
whereas those with right bundle branch block did not. 
'This report!? did not detail the percentage of those who 
had block at the time of the infarct. Data in a similar 
cohort of women are not available. 

In young, predominantly male military populations, 
the prevalence of both right and left bundle branch 
block is low, but the former is significantly more com- 
mon particularly in the younger age groups.!^:2223 In 
addition, most persons from military populations with 
either left or right bundle branch block have no clinical 
evidence of other associated cardiovascular abnor- 
malities.!!:22-2° In one large clinical study of bundle 
branch block in a military population,!! left bundle 
branch block was associated with a greater prevalence 
of hypertensive and coronary heart disease and a greater 
mortality from cardiovascular disease than was right 
bundle branch block, but the differences were small. 
However, in an arteriographic study of young asymp- 
tomatic air force personnel,?6 the prevalence of greater 
than 50 percent narrowing of at least one major coronary 
artery in those with left (24 percent) and those with 
right (20 percent) bundle branch block was similar. 


Studies! 1? that have compared the clinical features 
associated with left and right bundle branch block in 
large community-based population samples have 
shown cardiac enlargement on roentgenography to be 
signicantly more prevalent in persons with left than in 
those with right bundle branch block. In virtually all 
hospital-and community-based studies in which the 
populations included both sexes, left bundle branch 
block was found to be approximately equally prevalent 
in men and in women, whereas right bundle branch 
block was usually 2 to 3 times more prevalent in 
man 2561.19 

Anatomic correlates of bundle branch block: 
Differences in the anatomy of and blood supply to the 
two bundle branches have been invoked to explain why 
the left bundle branch might be more resistant than the 
right bundle branch to the production of block by small 
discrete lesions.?? The origin of the main left bundle 
branch from the common bundle of His is considerably 
wider than, and divides earlier and more extensively 
than, the main right bundle branch. Furthermore, the 
main left bundle branch has a dual blood supply, 
whereas the blood supply of the right bundle branch 
originates from only a single major coronary artery at 
any one point along its course. Anatomic variations do 
occur, however. Massing and James?? found that in 10 
to 15 percent of hearts, the main left bundle branch 
arises from the bundle of His by a very narrow stem that 
may be only 2 to 3 mm in width, in contrast to its usual 
width of 11 to 14 mm. When the origin of the left bundle 
branch is this narrow, left bundle branch block could 
conceivably be produced by a small, otherwise clinically 
inapparent lesion. To the best of our knowledge, dif- 
ferences between men and women in either the anatomy 
of or the blood supply to the two major bundle branches 
have not been described. 

Incidence: role of age, sex, hypertension and 
coronary heart disease: In the Framingham popula- 
tion, the incidence of both right and left bundle branch 
block was low. Overall, the incidence of right bundle 
branch block was slightly greater than that of left 
bundle branch block. The incidence of both types of 
block increased with advancing age. This finding might 
be explained by the increased incidence with age of the 
diseases with which both types of block are frequently 
associated, that is, hypertension and coronary heart 
disease. In addition, this finding is consistent with the 
hypothesis that both types of block are commonly 
caused by degenerative changes of either the fibrous 
tissue of the adjacent cardiac skelton?? or of the Pur- 
kinje fibers themselves.?? Both of these disease pro- 
cesses are slowly progressive and probably require long 
periods to become sufficiently advanced to produce 
bundle branch block. Previous findings concerning the 
greater incidence of right bundle branch block in men 
than in women were confirmed in this study; but the 
reasons for this were not apparent. 

This study suggests that the majority of adults inthe 
general population who acquire either left or right 
bundle branch block have at least one clinically ap- 
parent cardiovascular abnormality before the onset of 
block. The high prevalence rate of antecedent hyper- 
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tension suggests that it may often play a central role in 
the pathogenesis of both types of block. Whether hy- 
pertension predisposes to the development of bundle 
branch block primarily by potentiating the development 
of generalized myocardial fibrosis, sclerosis of the left 
side of the cardiac skeleton or primary sclerodegener- 
ative changes of the bundle branches themselves, by 
predisposing to the development of coronary athero- 
sclerosis with resultant ischemic damage to the bundle 
branches or by another as yet undefined process, cannot 
be concluded from our data. In the Framingham pop- 
ulation, the actual onset of both left and right bundle 
branch block was usually clinically silent. However, in 
many of those who were free from overt coronary disease 
and congestive heart failure at the time at which either 
left or right bundle branch block initially appeared, the 
first clinical evidence of them developed shortly after 
block became evident. In women, the appearance of left 
and particularly right bundle branch block served as an 
independent risk factor for the subsequent development 
of coronary disease or congestive failure. This finding 
suggests that in women, the appearance of either left or 
right bundle branch block may at times be an indication 
of preclinical heart disease that will later progress to 
become clinically apparent. Both left and right bundle 
branch block were associated with an increased mor- 
tality from cardiovascular disease. However, only in men 
with left bundle branch block could this excess risk not 
be explained by associated cardiovascular abnormalities 
that were clinically apparent before death. 

Only a minority of those in this population in whom 
either right or left bundle branch block developed re- 
mained free from clinical evidence of associated car- 
diovascular abnormalities during the entire period of 
follow-up. Those who were destined to remain free from 
associated cardiovascular abnormalities could not be 
identified prospectively on the basis of the age at which 
bundle branch block first appeared. However, we have 
shown in previous studies??? that certain associated 
electrocardiographic features can help identify 
subgroups of persons with newly acquired right or left 
bundle branch block who are less likely to have or sub- 
sequently have clinical evidence of associated cardio- 
vascular abnormalities. It is very likely that if invasive 
hemodynamic measurements, angiographic procedures 
and some of the more sophisticated noninvasive diag- 
nostic methods had been utilized to study this popula- 
tion, many of the subjects who had right or left bundle 
branch block in the absence of other clinically evident 
cardiovascular abnormalities would have been found 
to have had subclinical abnormalities of myocardial 
structure or function, or both. 

Cardiovascular abnormalities in men versus 
women: Finally, this study suggests that the long- 
standing teaching that advanced cardiovascular ab- 
normalities are more prevalent in persons with left 
bundle branch block than in those with right bundle 
branch block may be applicable only to men. During the 
entére follow-up period, men with left bundle branch 
block had a significantly greater incidence of cardiac 
enlargement and congestive failure and demonstrated 
a trend toward a higher cardiovascular disease mortality 
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rate than that of men with right bundle branch block. 
In women, however, left and right bundle branch block 
were associated with similar prevalence rates of each of 
the designated cardiovascular abnormalities and very 
similar mortality rates from cardiovascular disease. The 
explanation for these observed differences between men 
and women is not entirely clear. It is possible that dif- 
ferences exist between men and women in the anatomy 
of the conduction system that make the right bundle 
branch of men more vulnerable to the production of 
block by smaller lesions and less advanced disease 
processes than the right bundle branch of women. This 
might explain why the incidence of right bundle branch 
block is so much greater in men than in women. It might 
also account for the finding that clinical abnormalities 
indicative of advanced myocardial disease such as car- 
diac enlargement and congestive heart failure were only 
about half as prevalent in men as in women with right 
bundle branch block. 

Alternatively, some of the observed differences be- : 
tween men and women in this study could possibly be 
accounted for by some factor or disease process not 
identified in this study that is strongly associated with 
the development of right bundle branch block, signifi- 
cantly more prevalent in men than in women, and not 
commonly associated with cardiac enlargement, con- 
gestive heart failure or death from cardiovascular dis- 
ease. One possibility is a sex-linked cardiomyopathic 
process in men manifesting as right bundle branch block 
and subclinical abnormalities of left ventricular struc- 
ture or function or both. The existence of such a clinical 
entity has been suggested by the hemodynamic studies 
of Lancaster et al.?? in 14 asymptomatic aircrewmen 
with newly acquired right bundle branch block. It has 
not yet been established, however, whether this entity 
is actually unique to men. 

Some workers? have suggested that chronic ob- 
structive pulmonary disease, another process that is 
substantially more prevalent in men than in women, can 
lead to the development of right bundle branch block. 
However, a previous report?! from the Framingham 
Study demonstrated that the prevalence of pulmonary 
function test abnormalities suggesting obstructive air- 
way disease was not significantly greater in persons who 
either had or would soon acquire right bundle branch 
block than in an age- and sex-matched control group 
free from right bundle branch block. It is therefore 
unlikely that chronic obstructive pulmonary disease 
commonly plays an important role in the development 
of right bundle branch block. No other explanation for 
the observed differences between men and women in the 
comparative features of left and right bundle branch 
block was apparent from the dgta in this study, or from 
previously published studies of this subject. Further 
insight into the reasons for these observed differences 
may help provide a clearer understanding of the etiology 
and pathogenesis of cardiac conduction system dis- 
ease. 

Limitations of study: The major limitation of this 
study is the relatively small number of subjects with left 
and right bundle branch block available for comparison. 
In several instances there were clear-cut trends indi- 


- 





LEFT AND RIGHT BUNDLE BRANCH BLOCK—SCHNEIDER ET AL. 


cating differences between those with left and right 
buhdle branch block that could not be demonstrated to 
be statistically significant because of the large standard 
errors due to the small number of cases. However, pro- 
spective data on members of the general population who 
acquire bundle branch block are not easily acquired. 
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The mechanical factors by which chronic respiratory insufficiency may 
influence right and left ventricular performance during both spontaneous 
and mechanical ventilation are reviewed. During a spontaneous inspiration 
the right heart distends because of increased inflow and increased pul- 
monary vascular resistance. This decreases the effective left ventricular 
compliance, through ventricular interdependence, reducing the gradient 
for pulmonary venous return. The inspiratory decrease in pleural pressure 
also effectively increases the impedance to left ventricular ejection. An 
inspiratory increase in abdominal pressure further increases the left 
ventricular afterload. These factors combine to impair left ventricular 
performance. During intermittent positive pressure ventilation, left ven- 
tricular stroke volume increases early in inspiration. This increased in- 
spiratory flow cannot be attributed to a phase lag in the right heart output 
reaching the left heart chambers because, even with a constant pulmonary 
arterial inflow, aortic flow increases during inspiration. Several factors 
may act in concert to improve left ventricular performance, despite the 
adverse effects of intermittent positive pressure ventilation on the right 
ventricle. These include (1) a decrease in right heart volume, increasing 
left ventricular compliance and hence the gradient for pulmonary venous 
return; (2) anterograde emptying of the alveolar capillary bed with lung 
inflation; (3) the increase in pleural pressure decreasing impedance to 
left ventricular emptying; and (4) physical compression of the heart by 
the lungs. 


Chronic respiratory insufficiency will influence the cardiovascular system 
by virtue of changes in the blood gases and the mechanical influence of 
abnormal changes in intrathoracic pressure. The effects of these blood 
gas aberrations on right and left ventricular functions will reflect the 
opposing effects of primary myocardial depression due to hypoxia and 
acidosis and endogenous metabolic and neural compensatory mecha- 
nisms.! This report concentrates on the mechanical effects of chronic 
respiratory insufficiency on right and left ventricular performance during 
both spontaneous and mechanical ventilation. 

Except in circumstances in which a primary neuromuscular disease 
leads to alveolar hypoventilation and secondary cor pulmonale, most 
cases of chronic respiratory insufficiency result from airway obstruction. 
Even in the patient with neuromuscular disease, airway obstruction, 
especially during sleep, may exacerbate the clinical problem by further 
increasing alveolar hypoxia and producirfg increased negative swings 
in pleural pressure.? Children may present with upper airway obstruction 
due to hypertrophied adenoids or possibly lower airway obstruction due 
to asthma or cystic fibrosis. In the adult, a common cause is obstructive 
airways disease, with or without chronic bronchitis. In all cases a further 
insult, such as superimposed pneumonia, can tip the balance toward 
full-blown respiratory failure. 
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The Right Ventricle During 
j Spontaneous Respiration 


If one examines a patient whose lungs are chronically 
obstructed, working hard but able to maintain accept- 
able blood gases, observation of retractions immediately 
indicates that the patient is creating at least a moder- 
ately abnormally negative inspiratory pleural pressure. 
Although the decrease in intrathoracic pressure pro- 
motes systemic venous return to the right heart cham- 
bers, it is not simply the decrease in pleural pressure 
that controls this pressure gradient.” In the supine pa- 
tient during spontaneous inspiration abdominal pres- 
sure will increase, further promoting venous return to 
the thorax.* It is paradoxical that this inspiratory in- 
crease in abdominal pressure should also tend to impede 
venous return from the lower limbs. The net result 
however, is an increase in vena caval and subsequent 
pulmonary arterial flow (Fig. 1).5-8 

During an inspiratory effort, unless the airway is to- 
tally obstructed, as by a Mueller maneuver, the lung 
volume increases to some variable degree. Assuming 
that the functional residual capacity is either normal 
or elevated, Whittenberger et al.? demonstrated that 
tidal inflation should lead to an increase in pulmonary 
vascular resistance. This effect would combine with any 
increased pulmonary resistance caused by hypoxia, 
hypercarbia and acidosis to increase right ventricular 
afterload further.!? Thus the decrease in pleural pres- 
sure tends to increase right ventricular volume by in- 
creases in both inflow and impedance to ejection. 


During inspiration, if a marked decrease in pleural’ 
pressure is required for tidal breathing, an additional 
insult accrues. If at end-inspiration, alveolar pressure 
comes close to equilibration with mouth pressure, that 
is, atmospheric pressure, then a further mechanical 
impedance to right ventricular ejection is imposed. The 
right ventricle must pump blood through a capillary bed 
that is exposed to alveolar pressure. If at end-inspiration 
the pressure around the alveolar capillary bed is at- 
mospheric while the pressure around the right ventricle 
has decreased 20 torr, the right ventricle cannot dis- 
tinguish between this set of circumstances and that in 
which the pressure is kept constant around the right 
ventricle and a pressure of 20 torr is placed around the 
alveolar capillary bed, that is, an increase in right ven- 
tricular afterload. 

Three other factors that will be discussed in detail 
with regard to the left ventricle may further contribute 
to increased right ventricular pressure during a 
spontaneous inspiratory effort. First, to the extent that 
the left ventricular pressures increase during inspira- 
tion, pulmonary venous pressure and pulmonary vas- 
cular resistance increase.”:!!:!2 Second, to the extent that 
there may be an increased left ventricular volume dur- 
ing inspiration, right ventricular pressure will increase 
by the mechanism of ventricular interdependence.!?.13 
And lastly, to the extent that the lung during inflation 
may physically compress the right heart chambers, re- 
corded right heart pressures will increase.!?.14 

Thus, there are both chronic mechanical and che- 
moreceptor-mediated increases in right heart pres- 
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FIGURE 1. Comparíson of the effects of spontaneous respiration and intermittent positive pressure ventilation in a chronically instrumented dog 
(reproduced with permission from Morgan et al.44). In the left panel, during spontaneous inspiration noted by the decrease in intrathoracic pressure, 
are the carotid and right ventricular pressures in relation to atmosphere. Vascular flows determined by pulsed ultrasonic flow transducers demonstrate 
decreased aortic and increased pulmonary venous and arterial flows. Vena caval flow also increases with inspiration. Intermittent positive pressure 
ventilation with small changes in intrathoracic pressure (middle panel) is compared with intermittent positive pressure ventilation with large tidal 
volumes (right panel). In both, peak arterial pressure in relation to atmosphere is associated with an increase in aortic flow during inspiration.*An 
increase in pulmonary venous flow during inspiration is clearly seen with large tidal volume ventilation. Both pulmonary arterial and vena caval 
flow decrease during inspiration. (Appreciation is expressed to Dr. Warren G. Guntheroth for permission to publish this figure.) 
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‘sures during each inspiration. Events occurring on the 
left side of the heart further compromise right ven- 
tricular performance and all will combine to adversely 
affect right ventricular performance. 


The Left Ventricle During 
Spontaneous Respiration 


It has long been noted that left ventricular stroke 
volume and arterial blood pressure measured in relation 
to atmosphere decrease during inspiration. 7.15-17 A 
close correlation was also noted between the degree of 
pulses paradoxus and the degree of airway obstruction 
in patients with asthma.!’ The conventional explana- 
tion for the inspiratory decrease in left ventricular 
stroke volume has been that blood pools in the lungs, 
decreasing pulmonary venous return and thus de- 
creasing left ventricular preload.!? Alternatively, it has 
been argued that a phase lag in right and left ventricular 
outputs due to the pulmonary transit time results in a 
decreased left ventricular preload during inspiration.®8 
Indeed, when left atrial and left ventricular end-dia- 
stolic pressures are measured in relation to atmosphere, 
they decrease during inspiration.’ However, since the 
heart is situated inside the chest surrounded by in- 
trathoracic pressure, it is inappropriate to measure in- 
tracardiac pressures in relation to atmosphere. Rather, 
they should be referenced to the pressure surrounding 
the heart. It has been known for years that central ve- 
nous pressure measured in relation to atmosphere de- 
creases with each inspiration; yet paradoxically, it is also 
an accepted fact that the right heart volume is in- 
creasing.!?.!? However, measured in relation to pleural 
pressure, transmural central venous or right atrial 
pressure increases with each inspiration consistent with 
its volume change.* Transmural left atrial or left ven- 
tricular filling pressure also increases with inspiration, 
eliminating both a primary pooling of blood in the lungs 
or phase lag in ventricular outputs with secondary re- 
duction in preload as dominant causes for the decrease 
in left ventricular stroke volume (Fig. 2).7.11:12.20/2! Thus, 
any rationale for the inspiratory decrease in left ven- 
tricular stroke volume must account for an increased 
transmural left ventricular filling pressure. T'wo inter- 
acting phenomena appear able to explain these re- 
sults. 


Effects of Inspiration on Transmural Aortic Pressure 
and Right Heart Volume 


Schrijen et al.” noted that transmural aortic pressure 
increases during the decrease in pleural pressure asso- 
ciated with an inspiratory effort. The left ventricle must 
pump blood to the extrathoracic compartments, which 
for the moment can be assumed to have their vascular 
beds surrounded by a constant pressure. There is no 
difference as far as the left ventricle is concerned 
whether the pressure around the extrathoracic arterial 
bed is increased while the intrathoracic pressure is left 
constant, that is, an increased afterload on the left 
ventricle, or whether the extrathoracic vascular bed is 
left surrounded by a constant pressure and the pressure 
around the left ventricle, is lowered. As far as the left 
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FIGURE 2. Mueller maneuver in a closed chest dog with intact circu- 
lation and status post-vagotomy (S/P VAG). Vascular pressures are 
directly recorded as transmural pressure relative to esophageal pres- 
sure (Pes). With the inspiratory decrease in esophageal pressure, aortic 
flow (Qao) decreases and transmural left ventricular end-diastolic, aortic 
diastolic and right atrial pressures increase. Pao = transmural aortic 
pressure; Pes = esophageal pressure; P, , = transmural left ventricular 
diastolic pressure. PRa = transmural right atrial pressure. (Reproduced, 
with permission, from Robotham et al.’) 


ventricle is concerned, the two events are exactly the 
same mechanically. Thus each time pleural pressure 
decreases, the increased transmural aortic pressure 
reflects an increased impedance to left ventricular 
ejection from intrathoracic to extrathoracic compart- 


ments. 9M 
Left ventricular function during respiration: 


While intrathoracic transmural aortic pressure has been 
demonstrated to increase during an inspiratory effort, 
this itself does not prove that an increased afterload 
exists.’:29.22, Nor does an increased transmural left 
ventricular end-diastolic pressure confirm the existence 
of an increased afterload. Analysis of left ventricular 
function according to the methods of Suga et al.*° re- 
quires that an increase in end-systolic volume be dem- 
onstrated at a time when contractility is constant. 
Roentgenographic studies by Goldblatt et al.!? and more 
recently by Buda et al.?* with radiopaque markers im- 
planted on the surface of the heart suggest that left 
ventricular volume increases during a decrease in 
pleural pressure. More recently, Summer et al.*! dem- 
onstrated increases in both systolic and diastolic left 
ventricular dimension during an inspiratory effort using 
implanted endocardial sorfomicrometer probes. How- 
ever, none of these methods take into account the lateral 
free wall to septal dimension of the left ventricle. 
Brinker et al.,2° utilizing two dimensional echocardi- 
ography, demonstrated dramatic leftward septal shifts 
during the Mueller maneuvers in human subjects. 
Scharf et al.!? implanted intramyocardial radiopaque 
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beads in the free wall to septal dimension and apex to 
base dimension in dogs. They found that early in an 
obstructed inspiratory effort both diastolic dimensions 
decreased. However, as the inspiratory effort length- 
ened, there was a return to or above control values. Si- 
multaneously they demonstrated significant increases 
in right ventricular diastolic dimensions associated with 
marked increases in pulmonary arterial flow. Recent 
studies utilizing implanted endocardial sonomicrometer 
crystals in both the anteroposterior and left ventricular 
free wall to septal dimensions demonstrated that during 
an inspiratory effort, while the systolic and diastolic 
dimensions in the anteroposterior direction increased, 
the septal to free wall dimensions simultaneously de- 
creased (Badke, F., unpublished communication). 
These complex geometric changes of the left ventricle 
make it exceedingly difficult to define precisely volume 
changes im a chamber that is clearly distorted during 
respiration. 

Because during inspiration both the anterograde 
emptying of the alveolar capillary bed and the increased 
right heart output reaching the left heart tend to in- 
crease left ventricular stroke volume, the clear separa- 
tion of all the individual variables is next to impossible 
in the intact circulatory system. A strong argument 
supporting the possibility that a decrease in pleural 
pressure alone can cause a decrease in left ventricular 
stroke volume was the finding that during a Mueller 
maneuver (inspiratory effort with total airway occlu- 
sion) in which pulmonary arterial inflow, right heart 
volume and lung volume were all held constant, left 
ventricular stroke volume still decreased.?? This finding 
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was associated with an increase in transmural aortic' 
diastolic pressure, consistent with an increased afterload 
causing the decreased left ventricular stroke volume 
(Fig. 3). The lack of change in left atrial transmural 
pressure suggests that ventricular interdependence is 
mainly responsible for the observed increase in 
transmural left ventricular pressure in the intact an- 
imal. 


Effects of Negative Pressure Between the Heart and 
Lungs on Ventricular Afterload 


Although theoretical analysis of the event predicts 
that an increased afterload is imposed on the left ven- 
tricle during a decrease in pleural pressure, definitive 
proof regarding ventricular wall stress-strain analysis, 
or end-systolic volume measurements, is not yet avail- 
able. In addition to the decrease in pleural pressure in 
relation to the extrathoracic vascular bed, a second 
factor will tend to increase both left and right ventric- 
ular afterload during inspiration. If one considers the 
ventricles as sitting inside a plethysmograph whose 
walls are made up of the lungs surrounding the heart, 
with each rapid ventricular ejection a negative pressure 
must be created between the lungs and the heart de- 
pending on the relative rigidity of the “walls.” This 
phenomenon has usually been labeled “cardiac artifact" 
when seen in measurements of pleural pressure. To the 
extent that during respiratory insufficiency the lung 
“walls” surrounding the heart are minimally deformable 
as a result of either a consolidating process or increased 
lung volume, as seen with obstructive airway disease, 
the local periventricular pressure becomes more nega- 
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FIGURE 3. Mueller maneuver in a closed chest dog on right heart bypass with constant pulmonary arterial inflow (Òpa) and constant right heart 
volume maintained by a suction pump attached to the right ventricular cannula and reflected by the markedly negative pressure in the right ventricle 
(Pry). During the Mueller maneuver commencing with the vertical dashed line, the electrocardiogram (EKG) is stable as pleural pressure (Pp) de- 
creases. Aortic flow (Q4o) decreases during the Mueller maneuver with a rebound increase at the conclusion of the Mueller maneuver. The transmural 
aortic pressure (Pao), referenced to pleural pressure, increases during the decrease in pleural pressure, consistent with an increase afterload imposed 
on the left ventricle. Transmural left atrial pressure (P, A) demonstrates little change, suggesting that the increase in transmural left atrial pressure 
frequently seen with the circulation intact is due in large part to ventricular interdependence. (Reproduced, with permission, from Robotham et 


al.??) 
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tive during systole.2° This effectively increases the 
systolic transmural pressure of each ventricle and as 
such pose an increased afterload.*! 


Ventricular Interdependence and Respiration 


'The evidence that left ventricular volume may ac- 
tually decrease during an inspiratory effort must be 
interpreted in light of the increased transmural pres- 
sures and studies that have demonstrated increases or 
absence of change in pulmonary venous return during 
inspiration in nontamponade conditions (Fig. 1).9?? 
Dornhost et al.?? proposed in 1952 that the pericardial 
sac limited the total cardiac volume and that if the 
limits of the pericardial volume were being reached, one 
ventricle would then compress the other. This concept 
of ventricular interdependence or interference has been 
studied in more detail in a series of investigations.!?.?9-?! 
'That this phenomenon might be important was sug- 
gested to us by some studies in which we noted that left 
ventricular stroke volume decreased significantly with 
little change in transmural aortic pressure, yet with 
striking increases in transmural right ventricular filling 
pressure. The problem was approached by investigating 
what effects a sudden increase in right heart volume, as 
might occur during inspiration, would have on a 
pumping left ventricle, and second, how this would in- 
teract with the change in left ventricular afterload. 

Effect of right ventricular volume changes on 
left ventricular function: In the intact dog, with each 
inspiration right heart volume and left ventricular af- 
terload should change simultaneously with the decrease 
in pleural pressure. In collaboration with Mitzner,!? an 
in situ right heart bypassed Starling heart-lung prepa- 
ration was developed, which allowed independent 
control of right heart volume and left ventricular af- 
terload while maintaining a steady state cardiac output. 
Pleural pressure was constant because the chest was 
opened to atmosphere (Fig. 4). The results allowed some 
important insights. When right heart volume was in- 
creased, left ventricular diastolic pressure increased in 
association with a transient decrease in left ventricluar 
stroke volume. We speculated that this represented an 
effective decrease in left ventricular compliance, hence 
a decreased gradient for pulmonary venous return and 
a smaller left ventricular volume despite an increased 
pressure. Because there was constant pulmonary arte- 
rial inflow, the steady state left ventricular output was 
quickly reestablished; however, when the right heart 
volume was suddenly reduced, there was a transient 
increase in left ventricular stroke volume. It seems 
reasonable that this transient increase reflects the vol- 
ume stored in the pulmonary vascular bed by the stiffer 
left ventricle created when the right ventricle was dis- 
tended. When left ventricular afterload was increased 
by increasing aortic pressure, left ventricular diastolic 
pressure increased further and left ventricular stroke 
volume again decreased. In vivo these two events occur 
simultaneously and would combine to both increase left 
ventricular transmural diastolic pressure and decrease 
left ventricular stroke volume. 
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FIGURE 4. Effects of changes in right heart volume (AVpy) and left 
ventricular afterload (AP,o) independently on left ventricular perfor- 
mance in an open chest in situ Starling heart lung preparation with the 
right heart bypassed. With a balloon recording pressure in the right 
ventricle (Pry), an additional 5 ml was added at Point A. There was an 
associated increase in left ventricular diastolic pressure (P, vp) and a 
transient decrease in aortic flow. Left ventricular (LV) dP/dt decreased. 
At Point B aortic diastolic pressure was increased 20 mm Hg, increasing 
left ventricular afterload. There was a further increase in P, v, a transient 
decrease in aortic flow and a sustained increase in left ventricular dP/dt. 
Note also the change in right ventricular pressure (Pay) at constant right 
heart volume after the change in left ventricular afterload. (Reproduced, 
with permission, from Robotham et al. 13) 


Ventricular interdependence under various 
conditions: We speculated that during quiet respiration 
ventricular interdependence would dominate, resulting 
in a diminished inspiratory left ventricular volume be- 
cause the change in pleural pressure necessary to create 
a significant afterload would be minimal With airway 
obstruction in which large negative swings in pleural 
pressure occur, the increase in effective left ventricular 
afterload would interact with the distended right ven- 
tricle, but dominate and result in increased inspiratory 
left ventricular volumes.!? Recent studies by Scharf et 
al.!? are consistent with this hypothesis. They demon- 
strated that during quiet respiration, inspiration results 
in a decrease in left ventricular dimensions associated 
with the decrease in left ventricular stroke volume, 
consistent with ventricular interdependence dominat- 
ing, whereas with a prolonged or deep inspiratory effort 
the left ventricular volumes increased, consistent with 
increased afterload dominating. 

In the face of both a decreased left ventricular com- 
pliance due to ventricular interdependence and an in- 
creased left ventricular aftefload combining to increase 
left ventricular diastolic pressure, pulmonary edema 
would be predicted to occur with severe chronic airway 
obstruction.???? Because an increased lung volume and 
hypoxic pulmonary vasoconstriction would increase 
pulmonary arterial pressure, the ability of the lung to 
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cope with a markedly increased fluid filtration rate in 
both the arterial and venous beds would be maximally 
stressed. 

'The observation of an increased left ventricular vol- 
ume is significant in interpreting the simultaneous 
changes in right heart pressure because there is then a 
reverse interdependence, that is, of the left on the right 
ventricle (Fig. 4), in which an acute increase in aortic 
pressure increases left ventricular diastolic pressure and 
simultaneously isovolemic right heart pressures. 

Role of the pericardium: The pericardium may be 
critically important for the occurrence of these 
events.!??! First, ventricular interdependence markedly 
decreases when the pericardium is removed. Second, a 
given increase in afterload causes a much smaller change 
in left ventricular diastolic pressure with the pericar- 
dium removed, and third, the interaction between right 
ventricular distension and left ventricular afterload 
decreases.!? The opposite extreme of the removal of the 
pericardium is pericardial tamponade, in which case 
even small changes in right ventricular volume and left 
ventricular afterload manifest themselves by large in- 
creases in left ventricular diastolic pressure and a 
marked decrease in left ventricular stroke volume. This 
exaggerated ventricular interdependence is most likely 
the cause for the observation of Golinko et al.3 that 
during tamponade there was an inspiratory reversal of 
pulmonary venous flow. Howell et al.” have demon- 
strated that inspiration should increase pulmonary 
venous return and changes in intrathoracic pressure 
must be transmitted to the pericardial sac millimeter 
for millimeter; thus, the pressure gradient for reverse 
flow must be created by the inspiratory increase in right 
heart volume, markedly increasing both left ventricular 
and pericardial pressures. 


Effects of Respiratory Changes in Abdominal Pressure 
on Venous Return, Arterial Blood Flow and the 
Left Ventricle 


Analysis of the mechanical effects of respiration on 
the left ventricle have assumed that the extrathoracic 
arterial bed vascular compartment is surrounded by a 
constant pressure. It seems reasonable that just as 
changes in abdominal pressure can affect venous return, 
they could also affect arterial flow. An inspiratory in- 
crease in abdominal pressure would be anticipated in 
the supine patient. This increased abdominal pressure 
would combine with the decrease in pleural pressure to 
increase the impedance to left ventricular ejection in 
addition to redistributing the left ventricular stroke 
volume away from the abdomen and toward the head. 
In an open chest right heart bypass preparation in which 
pleural pressure was constant, we have demonstrated 
that acute increases in abdominal pressure decrease left 
ventricular stroke volume associated with increases in 
both aortic and left atrial pressures while cephalic flow 
either increases or is relatively preserved compared with 
flow in the descending aorta (Robotham JL, Wise R, 
Bromberger-Barneab B, personal observations). Thus, 
in the patient in respiratory distress, marked respiratory 
changes in abdominal pressure will affect not only ve- 


nous return but also left ventricular afterload and ar- 
terial regional blood flow distribution. 


Effects of Pleural Pressure Changes on 
Baroreceptor Reflexes 


Large swings in pleural pressure in association with 
respiratory insufficiency produce the paradoxical result 
of different and at times opposing baroreceptor afferent 
messages." This occurs because the intrathoracic 
baroreceptors are surrounded by pleural pressure while 
the extrathoracic carotid baroreceptors sense only the 
inspiratory decrease in left ventricular stroke volume. 
Therefore, we hypothesized and subsequently demon- 
strated that outputs from the carotid and aortic baro- 
receptors were qualitatively different during obstructed 
respiration. The time constant for changes in the sys- 
temic arterial bed resistance is too long to be signifi- 
cantly affected by the respiratory cycle changes during 
inspiration; however, this is not the case for barore- 
ceptor-mediated influences on heart rate.?5 Thus, 
during airway obstruction, despite the marked changes 
in left ventricular stroke volume, the different pressures 
perceived by the intra- and extrathoracic baroreceptors 
may well tend to modulate and stabilize the cardio- 
vascular system while still maintaining their ability to 
act in concert in response to generalized hyper- or hy- 
potension. 

In summary, during spontaneous respiration with 
each inspiratory decrease in pleural pressure, the right 
ventricle distends because of an increased venous return 
and an increased right heart afterload. This causes the 
left ventricle to be effectively stiffer, increasing the left 
ventricular diastolic pressure, decreasing pulmonary 
venous return and, hence, the left ventricular stroke 
volume. This phenomenon interacts with the effective 
increase in left ventricular afterload created by the 
decrease in pleural pressure, further increasing left 
ventricular diastolic pressure and decreasing left ven- 
tricular stroke volume. If we add to these effects hyp- 
oxia, hypercarbia and acidosis, we have a substantial 
assault on the left ventricle. On the basis of this analysis, 
there may well be elements of both right and left ven- 
tricular dysfunction during chronic respiratory insuf- 
ficiency due to airway obstruction. 


intermittent Positive Pressure Ventilation 


If chronic respiratory insufficiency leads to manifest 
respiratory failure, then mechanical ventilation is re- 
quired. Intermittent positive pressure ventilation is not 
simply the physiologic opposite of spontaneous respi- 
ration. During both modes of ventilation, lung volume 
increases and thus pulmonary vascular resistance in- 
creases. However, with intermittent positive pressure 
ventilation, the inspiratory systemic venous return and 
pulmonary outflow decrease.*?:4° Thus, when lung in- 
flation is maintained by a positive pressure inspiration, 
left ventricular stroke volume and cardiac output must 
decrease quickly®*° (Fig. 5). Indeed, this fact appears 
to have dominated our concept of the effect of inter- 
mittent positive pressure ventilation on the left ven- 
tricle. Detailed studies of the effects of an intermittent 
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FIGURE 5. Effects of intermittent positive pressure ventilation on descending aortic flow, lobar pulmonary arterial flow and vena caval flow in a 
closed chest dog with an intact circulation. Flows were obtained from pulsed ultrasonic transducers. An electrocardiogram was recorded; thoracic 
pressure was obtained from a balloon in the pleural space and airway pressure from the endotrachael tube. During the inspiratory increase in airway 
and thoracic pressures, note that despite the decrease in lobar pulmonary arterial and vena caval flows, the descending aortic flow continued to 
increase. As the positive pressure inflation continued, however, aortic flow then showed a decrease. (Reproduced, with permission, from Morgan 


et al. 49) 


positive pressure ventilation inspiration on the left 
ventricle as such are overshadowed by the decrease in 
aortic stroke volume as inspiration proceeds. 

Left ventricular function during intermittent 
positive pressure ventilation: The early increase in 
arterial pressure and aortic stroke volume seen during 
intermittent positive pressure ventilation has often been 
ascribed to the phase lag in transit of the right heart 
output across the pulmonary vascular bed.*° As previ- 
ously recognized, although the usually commented on 
decrease in cardiac output does occur, intermittent 
positive pressure ventilation may actually assist left 
ventricular performance.*'4? This speculation is based 
on the clinical observation that it is frequently difficult 
to wean patients with severely compromised left ven- 
tricular dysfunction from a ventilator without consid- 
erably increasing their pharmacologic cardiovascular 
support. Second, during experiments looking at the 
effects of positive end-expiratory pressure superim- 
posed on intermittent positive pressure ventilation, we 
noted that left ventricular stroke volume frequently 
increased during tidal inspiration and that this increase 
occurred even more frequently with intermittent posi- 
tive pressure ventilation and positive end-expiratory 
preseure than with intermittent positive pressure ven- 
tilation alone (unpublished observations). We ques- 
tioned whether this could be completely due to the 


higher inspiratory intrathoracic pressure more mark- 
edly reducing inspiratory systemic venous return. This 
could result in a greater inspiratory-expiratory differ- 
ence in right heart output, with the transit time across 
the lung accounting for the phase lag between right and 
left ventricular outputs. To test this hypothesis we ex- 
amined the effect of intermittent positive pressure 
ventilation on left ventricular stroke volume in dogs that 
had constant pulmonary arterial inflow. Whether the 
chest was open or closed and whether right heart volume 
was constant or was allowed to decrease, left ventricular 
stroke volume still increased with each inspiration.*? 

Consistent with the results of isolated lobe experi- 
ments,” Morgan et al.44 demonstrated that with a larger 
intermittent positive pressure ventilation tidal volume, 
pulmonary venous return clearly increased despite the 
simultaneous decrease in pulmonary arterial flow (Fig. 
1). Thus, lung inflation, whether by virtue of one’s own 
respiratory muscles or from the energy of a mechanical 
ventilator, primes the left ventricle at minimal energy 
costs to the left ventricle. ° | 

Because right heart volume decreases, during an in- 
termittent positive pressure ventilation inspiration, the 
left ventricle will be effectively more compliant, further 
improving the gradient for pulmonary venous return. 
In addition, the inspiratory increase in intrathoracic 
pressure effectively decreases the impedance for left 
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ventricular ejection to the extrathoracic compartment. 
This was effectively demonstrated by Criley et al.,4° who 
showed that in self-administered cardiopulmonary re- 
suscitation, an adequate cardiac output could be 
maintained simply by cyclically rapidly increasing in- 
trathoracic pressure. It would thus seem reasonable that 
this physiologic phenomenon would be of little impor- 
tance when mechanical ventilation can be accomplished 
with small changes in intrathoracic pressure; however, 
under circumstances in which large changes in pleural 
pressure are created it would become increasingly im- 
portant. Second, just as during spontaneous respiration, 
intermittent positive pressure ventilation-induced 
changes in abdominal pressure would further modulate 
both left ventricular afterload and regional arterial 
blood flow distribution. 

Compression of the heart during intermittent 
positive pressure ventilation: It appears that the 
lungs can physically compress the heart, especially with 
the greater lung volume produced by positive end- 
expiratory pressure.!4 This effect would increase the 
filling pressure in both the left and right ventricles when 
measured in relation to either atmosphere or pleural 
pressure and lead to the impression that positive end- 
expiratory pressure depressed ventricular function.*® 
However, when considering intermittent positive 
pressure ventilation, with increasing amounts of positive 
end-expiratory pressure increasing the end-expiratory 
lung volume, the result would be an increased com- 
pression of the heart during each inspiration.*° This 
same effect could be accomplished by increasing the 
tidal volume. In either case the result would be in- 
creased compression of the heart during inspiration, 
reducing the gradient for diastolic filling but at the same 
time enhancing systolic emptying, a perfect combina- 
tion for many patients in congestive heart failure. This 
phenomenon should affect both the left and right ven- 
tricles and depend on the physical interaction of the 
lung volume, heart volume and chest wall compli- 
ance. 

Intermittent mandatory ventilation: Intermittent 
mandatory ventilation has gained widespread popu- 
larity for the mechanical ventilation of patients, in 
particular during weaning from ventilation.4’ Advan- 
tages of this mode of ventilation should include: (1) 


respiratory muscle conditioning during spontaneous’ 


respiration, with muscle relaxation and increased per- 
fusion during the mechanical ventilation reducing the 
risk of diaphragm and intercostal muscle fatigue**; (2) 
preferential ventilation of different lung regions of the 
spontaneous and mechanical inspirations, thus pre- 
venting atelectasis??; and (3) improving systemic venous 
return with each spontaneous inspiration.?* To this list 
may be added the improved pulmonary venous return 
and increased left ventricular stroke volume associated 
with each intermittent positive pressure ventila- 
tion.4^?44 

High frequency ventilation: Finally, one of the 
more exciting developments in the care of patients with 
respiratory insufficiency may be the use of high fre- 
quency ventilation.°° Having reviewed the many ben- 
eficial and deleterious aspects of different modes of 
ventilation conventionally used, we find that high fre- 
quency positive pressure ventilation allows the possi- 
bility of maintaining normal blood gases with essentially 
no lung volume change and lower mean pleural and 
airway pressures. Its lack of respiratory-induced car- 
diovascular effects may be ideal for selected patients yet 
deleterious to others. 

Conclusions: The cardiovascular disturbances in 
chronic respiratory insufficiency are the product of 
multiple interacting variables. Growing appreciation 
of these interactions should allow a better under- 
standing of the origins of the resultant pathophysiologic 
process in addition to pointing the way to future ther- 
apeutic interventions. It is also clear that in order to 
properly manage patients with this condition it is crit- 
ical that respiratory physicians and cardiologists bring 
their specialized knowledge together, and from this 
union the patient will benefit. 
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Noninvasive radiographic techniques have provided a means of studying 
the natural history and pathogenesis of cardiovascular performance in 
acute and chronic respiratory failure. Chest radiography, radionuclide 
angiocardiography and thallium-201 imaging, and M mode and cross- 
sectional echocardiography have been employed. Each of these tech- 
niques has specific uses, attributes and limitations. For example, mea- 
surement of descending pulmonary arterial diameters on the plain chest 
radiograph allows determination of the presence or absence of pulmonary 
arterial hypertension. Right and left ventricular performance can be 
evaluated at rest and during exercise using radionuclide angiocardi- 
ography. The biventricular response to exercise and to therapeutic in- 
terventions also can be assessed with this approach. Evaluation of the 
pulmonary valve echogram and echocardiographic right ventricular di- 
mensions have been shown to reflect right ventricular hemodynamics and 
size. Each of these noninvasive techniques has been applied to the study 
of patients with respiratory failure and has provided important physiologic 
data. 


A major problem in the attempt to understand the natural history and 
pathogenesis of cardiovascular function in acute and chronic respiratory 
failure has been the absence of appropriate quantitative noninvasive 
techniques for assessing right and left ventricular function and structure. 
The predominant hemodynamic abnormality in this setting is pulmonary 
arterial hypertension and right ventricular dysfunction.!-? Sequential 
evaluation of both outpatients in stable condition and critically ill pa- 
tients in the intensive care unit is essential. This review will focus on the 
noninvasive radiographic techniques that are available for evaluation 
of the patient with respiratory failure, with special emphasis on chronic 
obstructive pulmonary disease and right ventricular abnormalities. 
Three broad categories will be reviewed: (1) chest radiography, (2) ra- 
dionuclide angiocardiography and thallium-201 imaging, and (3) M mode 
and cross-sectional echocardiography. 


Geometric Considerations 


The triangular, crescent-shaped right ventricular chamber is bounded 
by the convex interventricular septum and the concave free wall. The 
surface area of the right ventricle is large in comparison with its volume. 
Three independent movements are involved in right ventricular con- 
traction.‘ First, the trabeculae and the papillary muscles move the tri- 
cuspid valve plane downward toward the apex, shortening the longitu- 
dinal axis of the chamber but accounting for relatively little effective 
ejection. Second, the right ventricular free wall moves toward the convex 
surface of the septum, accounting for the major portion of right ven- 
tricular contraction. Third, the circular fibers of the thicker left ventricle 
contract and increase the curvature of the interventricular septum. This 
movement contributes to the bellows action of the free wall, but its rel- 
ative importance in overall right ventricular function has not been de- 
fined. ‘ 
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The geometric configuration of the right ventricle 
makes this chamber well suited for ejection of relatively 
large volumes of blood with minimal myocardial 
shortening. However, when pulmonary arterial pressure 
and vascular resistance increase, the right ventricle is 
not well suited to the development of high intracavitary 
pressures. The right ventricular myocardium would 
need to develop greater tension than the left ventricle 
under comparable circumstances. Under normal 
pathophysiologic situations, the pulmonary vasculature 
provides a relatively modest resistance to right ven- 
tricular outflow. However, sustained augmentation in 
pulmonary arterial pressure culminating in pulmonary 
arterial hypertension inevitably leads to cor pulmonale 
and right heart failure. In contrast, the left ventricle has 
a relatively small surface compared with its intracavi- 
tary volume. Left ventricular contraction involving the 
circumferential muscle bundles generally results in 
reduction of the diameter of the minor axis, accounting 
for approximately 85 percent of the volume changes. 
The left ventricle is well designed as a high pressure 
pump and is able to eject against the high resistance 
systemic circuit.4 


Contrast Angiographic Techniques 


Although contrast angiographic analysis of right 
ventricular volumes has been performed, there is no 
generally accepted technique. Various angiographic 
studies?" have approximated the three dimensional 
shape of the right ventricle as a prism, pyramid, paral- 
lelopiped or ellipse. Both area-length measurements 
and Simpson's rule have been employed. Although 
volume determinations based on these approaches have 
correlated relatively well with data derived from post- 
mortem casts, the reported normal ranges vary widely. 
In general, validation studies have relied predominantly 
on casts from hearts without evidence of cardiac disease. 
This issue becomes particularly important in the study 
of a dilated heart because, in association with various 
pathologic states, the trabeculae become relatively less 
important and the crescent-shaped right ventricle fills 
out to a more ovoid cross section, with little change in 
the outline of the ventricular silhouette.8 Other tech- 
nical problems involved in contrast angiographic studies 
include the propensity of right ventricular contrast in- 
jections to induce premature ventricular contractions 
and the difficulty in reproducibly defining the ven- 
tricular silhouette because of its extensive trabecula- 
tions. Furthermore, the right ventricle has an extremely 
irregular shape that varies from patient to patient? (Fig. 
1). 


Noninvasive Methods 


Chest Radiography 


In chronic obstructive pulmonary disease, the heart 
size is usually normal. When the disease is advanced, the 
right ventricle extends anteriorly and to the left and 
encroaches on the retrosternal space. The heart may be 
rotated in a counterclockwise direction, and the aortic 
knob may be less prominent than normal. When the 





FIGURE 1. Traced outlines of contrast angiographic studies in six normal 
patients without evidence of cardiovascular disease. The shaded areas 
represent the right ventricle (RV). The left ventricle (LV) is also indicated. 
These diagrams were obtained directly from contrast angiographic 
studies in the anterior projection. Note the wide variation in the shape 
and configuration of the normal right ventricle. (Modified, with per- 
mission, from Dotter and Stein.) 


right ventricle is enlarged, it forms a considerable por- 
tion of the left heart border and thus displaces the left 
ventricle posteriorly. Therefore, in the posteroanterior 
projection the heart often has a globular appearance. 
In addition, dilatation of the main pulmonary artery 
and its branches with relative underfilling of the smaller 
peripheral branches has been used as a sign of pulmo- 
nary arterial hypertension.!? Recent studies suggest that 
analysis of the widest diameters of the descending 
pulmonary arteries in the chest radiograph is sensitive 
for detection of the presence and relative severity of 
pulmonary arterial pressure!? (Fig. 2). 


Radionuclide Imaging 


There are two broad categories of radionuclide 
techniques for assessment of cardiovascular perfor- 
mance. This evaluation can be performed by analysis 
of the first transit through the central circulation (first 
pass technique) or by analysis of the entire equilibrium 
blood pool after intravascular labeling (equilibrium 
gated technique). Technical details concerning each 
method are beyond the scope of this review.!!-19 

First pass technique: When first pass radionuclide 
angiocardiography is used, quantitative analysis is 
based on the principles of indicator-dilution theory.!! 
The major assumption of the method is that there is 
homogeneous mixing of the.radioactive tracer with 
blood. In this way, changes in externally detected ra- 
dioactive counts are proportional to changes in chamber 
volume. In order to assure adequate mixing of the tracer 
with blood, a compact bolus injection is essential. Both 
right and left ventricular performance can be evaluated 
from the same study, because there is temporal and 
anatomic segregation of radioactivity within each of the 
cardiac chambers. Analysis of the high frequency 
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FIGURE 2. Upright chest radiograph in the posteroanterior (left) and lateral (right) projections in a patient with severe chronic obstructive pulmonary 
disease. The white arrows indicate the widest dimensions of the right descending pulmonary artery (left) and the left descending pulmonary artery 
(right). The diameters of these arteries can be used as a marker of the presence of pulmonary arterial hypertension. In this patient, both descending 
pulmonary arteries are enlarged, consistent with the patient's markedly elevated mean pulmonary arterial pressure. (Reproduced, with permission, 


from Schwartz et al.'°) 


components of the time-activity curve allows determi- 
nation of left ventricular ejection fraction, regional wall 
motion and end-diastolic volume, right ventricular 
ejection fraction and other indexes of systolic and dia- 
stolic left ventricular function.!!-16 Each first pass study 
requires a separate injection of a technetium-99m- 
labeled radiotracer. Because data analysis is based only 
on several cardiac cycles, the major limiting factor of the 
first pass approach is the relatively low count rates of 
the raw data. This is particularly important when 
studies are performed on conventional single crystal 
scintillation cameras. In contrast, the computerized 
multicrystal camera allows accumulation of extremely 
high count rates, up to approximately 450,000 counts/s. 
This system, which is composed of a mosaic of 294 in- 
dividual sodium iodide crystals, is ideally suited for 
performance of dynamic first pass studies. However, a 
limitation of this instrument is that it is not portable, 
and therefore studies cannot be performed at the bed- 
side. A recent modificatiop of the first pass technique, 
which appears well suited for the single crystal camera, 
involves data acquisition in conjunction with the pa- 
tient's electrocardiogram. This approach, the gated first 
pass technique, is based in part on the principles of 
gated equilibrium blood pool imaging (see later).!" 
First pass studies can be performed in any position 
relative to the detector and either upright or supine. 
'The temporal sequence of radioactivity within indi- 
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vidual cardiac chambers makes this diversity possible 
without tomography and is a potential advantage of the 
technique when analysis of regional wall motion is 
considered. When a single position study is performed 
in our laboratory, the anterior position is used because 
it places the heart close to the detector, maximizing 
count rate detection; it also is easy to perform during 
upright bicycle exercise, is suitable for calculation of 
right and left ventricular function from a single injection 
and allows analysis of regional wall motion. Especially 
for determination of right ventricular ejection fraction, 
many laboratories employ the 30° right anterior oblique 
position because it provides the best separation between 
the right atrium and the right ventricle. After an ap- 
propriate region of interest is determined, corre- 
sponding to the left or right ventricle, radioactivity is 
analyzed only at the time when it is in that chamber. In 
this way, activity from overlapping structures can be 
excluded. After background correction for noncardiac 
activity, a time-activity curve, analogous to a ventricular 
volume curve, is generated by the computer. 
Equilibrium gated technique: With gated cardiac 
blood pool imaging, the entire equilibrium blood pool 
is imaged at various times during cardiac contraction 
by synchronizing the collection of scintillation data with 
a marker of cardiac contractions!" Because electrocar- 
diographic events generally have a fixed relation to the 
mechanical activity of the heart, repetitive sampling of 
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specific phases of the cardiac cycle from each of many 
beats can be performed until the cardiac image has an 
adequate count density. The entire intravascular blood 
pool is labeled, usually employing technetium-99m in 
vivo labeled autologous red blood cells. Generation of 
time-activity curves requires analysis of the 45? left 
anterior oblique position study, because this is the only 
view that separates activity within the two ventricles. 
In this position, the left atrium contributes relatively 
little to left ventricular counts because of its distance 
from the detector and its position superior and posterior 
to the left ventricle. This technique has been used ex- 
tensively for evaluation of global and regional left ven- 
tricular function, including end-diastolic volume. Re- 
cently, right ventricular ejection fraction also has been 
determined from the left anterior oblique equilibrium 
blood pool study.!9:1? In this position, the right atrium 
contributes substantially to right ventricular counts. 
Even with a variable region of interest, there still is 
overlap of the right atrium and right ventricle 
throughout the cardiac cycle (Fig. 3).9.!? These factors 
should be taken into consideration when evaluating 
results obtained with this method. 

Thallium-201 imaging: An additional nuclear 
technique applicable to chronic obstructive pulmonary 
disease is thallium-201 myocardial imaging. Distribu- 
tion of this radiotracer is determined by regional myo- 
cardial blood flow and myocardial mass. At rest, the left 
ventricle is clearly visualized, but the right ventricle 
normally is not seen. This disparity is due to the greater 
mass of the left ventricle compared with that of the right 
ventricle. During the increased right ventricular blood 
flow that occurs during exercise, the right ventricle 
usually is demonstrated. Cohen et al.?? first described 
visualization of the right ventricle at rest in patients 
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with pulmonary arterial hypertension. Thickening of 
the right ventricular free wall also was apparent when 
pulmonary arterial hypertension and right ventricular 
hypertrophy were most severe (Fig. 4). 

Several studies since then have evaluated thal- 
lium-201 imaging at rest in a variety of patients with 
right ventricular volume and pressure overload. On the 
basis of qualitative analysis, patients with the most 
marked right ventricular visualization generally had the 
highest right ventricular systolic pressure and pulmo- 
nary vascular resistance.?! These results suggest that 
the degree of right ventricular visualization is related 
to the magnitude of right ventricular hypertrophy. 
Furthermore, Rabinovitch et al.?? demonstrated that 
myocardial thallium-201 uptake directly reflects myo- 
cardial mass in chronically hypoxic rats with right 
ventricular hypertrophy and thus could be used to 
quantify and grade the severity of right ventricular 
hypertrophy. 


Echocardiography 


M mode technique: Conventional M mode echo- 
cardiography has not been applied broadly to adults 
with respiratory failure, primarily because of technical 
difficulties often encountered in obtaining satisfactory 
examinations. Marked respiratory motion and pulmo- 
nary hyperinflation are major factors. Examination of 
right-sided structures is difficult in general because they 
lie behind the echo-dense sternum. The ultrasonic beam 
must be directed obliquely from the left sternal area. 
The relative angle and position of the transducer may 
affect the reliability and reproducibility of M mode 
measurements. In addition, a substantial portion of the 
right atrium and right ventricle cannot be imaged at all 
because the ultrasonic beam cannot be directed toward 
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FIGURE 3. Traced outlines of contrast angiocardiogram obtained in the left anterior oblique projection. The outlines were traced directly from frame 
by frame contrast angiograms. The right ventricle is shown as the shaded area. In frame A, obtained 1.5 seconds after contrast injection, minimal 
activity is noted in the right ventricle. The right atrium is predominantly opacified. In frame B, obtained 2 seconds after injection, the right ventricle, 
pulmonary conus and pulmonary arteries are opacified. Note the substantial overlap between the right ventricle and right atrium in the left anterior 
oblique projection. In frame C, obtained 2.5 seconds after injection, the outflow tract of the right ventricle is superimposed on the right atrial appendage. 
However, there still is superimposition of the right atrium and right ventricle in this projection. This first pass contrast angiographic study highlights 
the potential problems encountered in equilibrium cardiac blood pool imaging. (Modified, with permission, from Dotter and Stein.9) 
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FIGURE 4. Resting thallium-201 myocardial perfusion images in a 
patient with chronic obstructive pulmonary disease. Images are shown 
in the anterior (A), 45° left anterior oblique (B) and left lateral (C) po- 
sitions. Note the marked right ventricular thallium-201 uptake seen in 
all three positions. Using quantitative computerized analysis, the right 
ventricular to background ratio for thallium-201 was 1.6 to 1. The patient 
had an abnormal right ventricular ejection fraction (37 percent). 


all segments. Identification of the anterior wall of the 
right ventricle, needed for determination of right ven- 
tricular wall thickness and chamber size, is frequently 
a problem because this structure is often obscured by 
echoes in the overlying chest wall. 

Echograms of the pulmonary valve have been shown 
to reflect right ventricular hemodynamics. 2*:?° In- 
creased pulmonary arterial pressure influences the 
motion of the pulmonary valve in several ways. Atrial 
systolic motion is eliminated, and the pulmonary valve 
a wave is markedly diminished or absent. There may 
also be mid systolic closure of the pulmonary valve or 
a decreased pulmonary valve opening slope. Further- 
more, the pulmonary valve echogram has been used to 
estimate right ventricular systolic time intervals.?4?^ 
Pulmonary arterial hypertension results in an increased 
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right ventricular preejection period to right ventricular 
ejection time ratio. However, the use of this technique 
has been limited primarily to children? because in 
adults the entire pulmonary valve echogram is usually 
not obtainable unless there is substantial enlargement 
of the pulmonary artery. 

Two dimensional technique: Recently developed 
cross-sectional ultrasonic techniques allow imaging of 
the heart from the cardiac apex, thereby providing 
spatial orientation. Thus, the ultrasonic beam can be 
directed to all portions of the heart, including most of 
the right ventricle and atrium. Bommer et al.?? evalu- 
ated right atrial and right ventricular dimensions using 
two dimensional echocardiography. Normal patients 
were compared with patients with right ventricular 
volume overload due to valvular or congenital heart 
disease. With use of an apical four chamber view, the 
dimensions of the short and long axes, as well as the 
areas of the right atrium and right ventricle, were de- 
termined. The right ventricular area provided optimal 
separation of normal patients and those with volume 
overload. Separation could not be accomplished using 
M mode recordings. This echocardiographic approach 
warrants application in patients with chronic obstruc- 
tive pulmonary disease and may provide a useful com- 
plement to other radiographic techniques. 


Clinical Applications in Respiratory Failure 


Determination of Pulmonary Arterial Pressure 


Schwarz et al.!? evaluated whether the chest radio- 
graphic assessment of the diameters of the right and left 
descending pulmonary arteries could be used to predict 
the presence and severity of pulmonary arterial hy- 
pertension. They studied 61 patients with chronic ob- 
structive pulmonary disease. The right descending 
pulmonary artery was enlarged (greater than 16 mm) 
in 43 of 46 patients with an elevated mean pulmonary 
arterial pressure, and the left descending pulmonary 
artery also was enlarged (greater than 18 mm) in 43 of 
46 patients (Fig. 2). Forty-five of 46 patients with pul- 
monary arterial hypertension had enlargement of either 
the right or left descending pulmonary artery. This 
group included all 26 patients with a mild elevation of 
mean pulmonary arterial pressure (21 to 30 mm Hg). 
However, there were five false positive interpretations. 
There was a weak but significant correlation (r, = 0.56) 
between mean pulmonary arterial pressure and left 
descending pulmonary arterial diameter. These data 
demonstrate that evaluation of the plain chest radio- 
graph is a sensitive but not a specific method for de- 
tection of pulmonary arterial hypertension in chronic 
obstructive pulmonary disease. It is unlikely that this 
approach will prove useful in following up patients 
serially or evaluating the effects of therapeutic inter- 
ventions. 


Evaluation of Right Ventricular Performance 

Right ventricular ejection fraction at rest: The 
major hemodynamic abnormality in cor pulmonale is 
right ventricular dysfunction.?? Several studies have 
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‘employed first pass radionuclide angiocardiography to 
evaluate right ventricular ejection fraction in patients 
with chronic obstructive pulmonary disease.14.15.28-30 
In a group of 36 patients with chronic obstructive pul- 
monary disease studied in our laboratory,!? right ven- 
tricular ejection fraction varied widely, ranging from 19 
to 71 percent (Fig. 5). Nineteen patients demonstrated 
an abnormal right ventricular ejection fraction (less 
than 45 percent). In the 10 patients with clinical evi- 
dence of cor pulmonale, right ventricular ejection 
fraction averaged 35 + 2 percent (mean + standard 
error of the mean), which was significantly lower than 
that of the remaining patients. All patients with cor 
pulmonale had a depressed right ventricular ejection 
fraction. However, 9 of 26 patients without clinical ev- 
idence of cor pulmonale but with severe ventilatory 
impairment also had a depressed right ventricular 
ejection fraction. In four of these nine patients acute 
respiratory decompensation and cor pulmonale subse- 
quently developed. In contrast, in none of the patients 
with a normal right ventricular ejection fraction at rest 
did cor pulmonale develop within 2 years of the original 
study. 

Abnormalities in right ventricular performance were 
related to the degree of ventilatory impairment and 
arterial hypoxemia. Fourteen of 19 patients with a 
forced expiratory volume of less than 1 liter had a de- 
pressed right ventricular ejection fraction. In these 19 
patients, right ventricular ejection averaged 42 + 3 
percent, which was significantly less than that in the 17 
patients with a forced expiratory volume of 1 liter or 
more (52 + 2 percent). Alternatively, forced expiratory 
volume was 37 + 4 percent of the predicted value in 
patients with an abnormal right ventricular ejection 
fraction, compared with 54 + 4 percent of the predicted 
value in the remaining patients. Similar significant 
differences were evident for forced vital capacity and 
arterial oxygen tension. The relation between right 
ventricular ejection fraction at rest and the severity of 
ventilatory impairment was recently confirmed by 
Slutsky et al.!4 There was no meaningful correlation 
between right and left ventricular ejection fraction in 
both studies.!4:!5 

Right ventricular performance during exercise: 
Right ventricular dysfunction often becomes apparent 
only during exercise. With use of cardiac catheterization 
techniques, elevated pulmonary arterial, pulmonary 
capillary wedge and right ventricular end-diastolic 
pressures have been demonstrated during exercise 
stress.?..?? Therefore, a group of 30 patients with chronic 
bronchitis and emphysema were studied using first pass 
radionuclide angiocardiography at rest and during up- 
right bicycle exercise.?? The exercise protocol employed 
differed from that routinely used in assessing patients 
with coronary or valvular heart disease. This was nec- 
essary because exercise is limited primarily by different 
physiologic factors in each disease (that is, ventilatory 
impairment in chronic obstructive pulmonary disease 
and myocardial ischemia in coronary artery disease). A 
single stage submaximal exercise test with on-line 
monitoring of minute ventilation and respiratory ex- 
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FIGURE 5. Right ventricular ejection fraction in 50 normal control 
subjects without evidence of cardiopulmonary disease and in 36 patients 
with chronic obstructive pulmonary disease (COPD). The mean + 
standard deviation (SD) is shown for the normal group. Using +2 
standard deviations, the lower limit of normal is 45 percent. Note the 
wide variation in ejection fraction values for patients with chronic ob- 
structive pulmonary disease. Nineteen of these patients demonstrated 
abnormal right ventricular performance at rest. (Reproduced from 
Berger et al.!5) 


change ratio was used to assure relatively steady state 
aerobic exercise conditions. These precautions were 
taken in order to avoid the potentially deleterious in- 
dependent effects on myocardial contractility of un- 
compensated lactic acidosis due to anaerobic metabo- 
lism. In addition, most patients with chronic obstructive 
pulmonary disease limit their usual activity to work 
loads below the anaerobic threshold. 

On the basis of data in 25 normal control subjects, 
normal exercise ventricular reserve was defined as an 
absolute increase in ejection fraction of 5 percent or 
greater, irrespective of the exercise protocol or value of 
ejection fraction at rest (Fig. 6).3334 Twenty-three of 30 
patients with chronic obstructive pulmonary disease 
demonstrated an abnormal right ventricular response 
to submaximal exercise (Fig. 7 and 8). Although airway 
obstruction and arterial hypoxemia were significantly 
greater in patients with abnormal right ventricular ex- 
ercise reserve than in those with normal reserve, ab- 
normal right ventricular responses were demonstrated 
even in some patients with mild airway obstruction. 
Similar confirmatory data have been reported by Olvey 
et a].?9 

On the basis of these findings and the known he- 
modynamic responses, it appears that altered right 
ventricular afterload is the major factor modulating 
the right ventricular response to exercise. It is impor- 
tant to stress that abnormal right ventricular exercise 
reserve may be a normal physiologic response to aug- 
mented afterload rather than an indication of intrinsic 
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FIGURE 6. Right ventricular (RV) and left ventricular (LV) ejection 
fractions at rest and exercise in normal control subjects. Fourteen 
patients exercised using a maximal graded protocol, and 11 patients 
exercised using a single stage submaximal protocol. Both right and left 
ventricular ejection fractions increased by 5 percent in each patient, 
irrespective of the exercise protocol. On the basis of these data, normal 
exercise ventricular reserve is defined as an absolute increment in 
ejection fraction of at least 5 percent. p = probability. (Reproduced, 
with permission, from Matthay et al.°%) 


right ventricular myocardial dysfunction. Increased 
intrathoracic pressure due to hyperinflation also may 
account, in part, for abnormal right ventricular exercise 
reserve.?? 

Thallium-201 imaging: The significance of right 
ventricular visualization in thallium-201 images in 
chronic obstructive pulmonary disease was recently 
evaluated in 71 patients.?? Analysis of computerized 
thallium-201 images was compared with resting right 
ventricular ejection fraction determined by first pass 
radionuclide angiocardiography, electrocardiography 
and pulmonary status. The right ventricle was visual- 
ized in 52 of 71 patients. Marked right ventricular up- 
take, defined as a right ventricular to background ratio 
of 1.5 or greater, was found in 23 of 71 patients. Mild 
uptake was defined as a right ventricular to background 
ratio of less than 1.5. Of 11 patients with electrocar- 
diographic evidence of right ventricular hypertrophy, 
9 had marked right ventricular uptake and 2 had mild 
uptake. Patients with marked right ventricular uptake 
had significantly greater right ventricular dysfunction, 
arterial hypoxemia and airway obstruction than pa- 
tients with normal thallium-201 images. Of 23 patients 
with marked right ventricular uptake, 20 had abnormal 
right ventricular ejection fraction, but only 9 had elec- 
trocardiographic evidence of right ventricular hyper- 
trophy. In contrast, only 3 of 19 patients with normal 
thallium-201 images had abnormal right ventricular 
ejection fraction, and none had electrocardiographic 
evidence of right ventricular hypertrophy. 

These data suggest that marked right ventricular 
uptake in thallium-201 images occurs frequently in 
chronic obstructive pulmonary disease and suggests 


LV EJECTION FRACTION 


RV EJECTION FRACTION 





REST EXERCISE REST EXERCISE 


FIGURE 7. Right ventricular (RV) and left ventricular (LV) ejection 
fractions at rest and submaximal exercise in 30 patients with chronic 
obstructive pulmonary disease. Data in individual patients are shown 
as closed circles connected by solid lines. The mean values are shown 
at the sides of each panel. For the overall group, right ventricular 
ejection fraction was unchanged with exercise, whereas left ventricular 
ejection fraction increases normally. (Reproduced, with permission, 
from Matthay et al.°°) 


right ventricular dysfunction and hypertrophy more 
often than the electrocardiogram. Normal thallium-201 
images in chronic obstructive pulmonary disease are 
generally associated with preserved right ventricular 
function. Further studies are ongoing (1) to assess 
whether acute interventions that alter right ventricular 
afterload will affect right ventricular thallium-201 vi- 
sualization, and (2) to determine the relation between 
pulmonary arterial pressure and magnitude of right 
ventricular uptake (Fig. 4). 
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FIGURE 8. Incidence of ventricular performance abnormalities at rest 
or during exercise in 30 patients with chronic obstructive pulmonary 
disease. The shaded bars indicate right ventricular (RV) performance 
and the open bars left ventricular (LV) performance. Note that the 
predominant hemodynamic abnormality involves right ventricular 
function, especially during exercise. Abnormal left ventricular perfor- 
mance was relatively uncommon. 
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Left Ventricular Performance 


Ejection fraction at rest: The effects of chronic 
obstructive pulmonary disease on left ventricular per- 
formance are more complicated and controversial. 
Several studies have noted the presence of left ven- 
tricular hypertrophy at postmortem examination.°6:37 
However, most studies have demonstrated intact left 
ventricular performance in patients with chronic ob- 
structive pulmonary disease as long as other associated 
cardiac abnormalities are absent.1535-44 Using first pass 
radionuclide angiocardiography, studies from our lab- 
oratory!5-30.32 and those of others!^4? have confirmed 
that left ventricular ejection fraction is usually normal 
at rest (Fig. 8 and 9). However, in each study, individual 
patients are identified who have abnormal left ven- 
tricular function in the absence of concomitant hyper- 
tension or coronary artery disease. In addition, abnor- 
malities in early systolic left ventricular performance 
have been demonstrated in some patients with severe 
chronic obstructive pulmonary disease in the absence 
of underlying left-sided heart disease.!^ It is likely that 
inadequate oxygen delivery to the myocardium and the 
deleterious effects of severe hypoxemia and acidosis on 
the myocardium, as well as increased intrathoracic 
pressures, may explain the abnormal left ventricular 
function in some patients. 

Ejection fraction during exercise: Left ventricular 
exercise reserve, evaluated as noted earlier during single 
stage submaximal exercise, was abnormal in only 6 of 
30 patients studied, 4 of whom had normal performance 
at rest.?? For the overall group, left ventricular ejection 
fraction increased normally (Fig. 7 and 8). Abnormali- 
ties in left ventricular exercise reserve were not related 
to pulmonary function or arterial blood gases. 

Effect of augmented preload and afterload: 
Normal left ventricular responses to the stress of aug- 
mented preload with infusion of dextran!! and aug- 
mented afterload with methoxamine-induced vaso- 
constriction’? have been observed in patients with 
chronic obstructive pulmonary disease. In both in- 
stances, there was no deterioration in left ventricular 
ejection fraction, even in patients with cor pulmo- 
nale. 


Cystic Fibrosis 


Radionuclide angiocardiography: Although cystic 
fibrosis is known primarily for marked abnormalities 
in pulmónary function, a substantial number of patients 
die from the cardiac complications. Nevertheless, rel- 
atively little is known about cardiac performance in this 
disease, particularly in its early phases before the de- 
velopment of cor pulmonale. Matthay et al.*° used first 
pass radionuclide angiocardiography to evaluate 22 
young adults with cystic fibrosis. Radionuclide data 
were compared with the severity of cystic fibrosis de- 
termined by the Schwachman clinical scoring system, 
pulmonary function tests and arterial blood gases. Right 
ventricular ejection fraction was abnormal in 9 patients 
and normal in the remaining 13. Left ventricular ejec- 
tion fraction was normal in all 22 patients (Fig. 10). 


During the 1 1/2 years of follow-up, four patients 
manifested cor pulmonale with acute respiratory failure 
and right-sided heart failure. In one additional patient, 
acute respiratory failure developed without right-sided 
heart failure. Right ventricular ejection fraction de- 
termined 6 to 12 months before clinical decompensation 
in these patients was abnormal in all cases. All four 
patients with cor pulmonale subsequently died from 
cardiorespiratory failure. No other patient in this study 
died within the follow-up period. At the conclusion of 
the study, four patients had radionuclide evidence of 
right ventricular dysfunction but were in clinically 
stable condition. None of these 4 patients or the 13 pa- 
tients with normal right ventricular ejection fraction 
had signs or symptoms of right heart failure. 

The magnitude of right ventricular dysfunction was 
related to the severity of cystic fibrosis as determined 
by the Schwachman clinical score.*5 Patients with 
abnormal right ventricular ejection fraction had a 
Schwachman score of 42 + 4 points (maximum 100), 
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FIGURE 9. Left ventricular ejection fraction at rest in 28 patients with 
stable chronic obstructive pulmonary disease and in 92 patients with 
acutely decompensated cor pulmonale. Data in patients with definite 
concomitant left-sided heart disease are shown in closed circles, data 
in patients with no evidence of left-sided heart disease are shown in 
open circles. Note that most patients with an abnormal left ventricular 
ejection fraction have concomitant documented left-sided heart disease 
(in most cases hypertensive cardiovascular disease or myocardial in- 
farction). (Reproduced, with permission, from Steele et al.*°) 
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FIGURE 10. Left ventricular (LV) and right ventricular (RV) ejection 
fractions at rest in 22 ambulatory young adults with cystic fibrosis. Note 
that nine patients had a mildly abnormal resting right ventricular ejection 
fraction. All patients had a normal left ventricular ejection fraction. 
(Reproduced, with permission, from Matthay et al.^*) 


which was significantly lower than that in patients with 
normal right ventricular function (73 + 3 points). In 
patients with abnormal right ventricular function, ar- 
terial oxygen tension was significantly lower and arterial 
carbon dioxide tension significantly higher than in pa- 
tients with normal right ventricular function. Similar 
significant differences existed in forced expiratory 
volume in 1 second and forced vital capacity. Thus, the 
presence of abnormal right ventricular performance was 
clearly related to the severity of cystic fibrosis, the 
presence of arterial hypoxemia and hypercapnia and the 
degree of ventilatory impairment. These data suggest 
that normal right ventricular performance at rest is 
maintained in most cases of cystic fibrosis until clini- 
cally severe disease is apparent. 

Chipps et al.46 used similar techniques to evaluate a 
total of 21 patients with cystic fibrosis. They demon- 
strated an abnormal right ventricular ejection fraction 
in 13 of 18 patients. However, they also noted abnor- 
malities in left ventricular ejection fraction at rest in 4 
of 18 patients. Eight patients with a normal left ven- 
tricular ejection fraction at rest underwent supine bi- 
cycle exercise studies and a repeat assessment of left 
ventricular performance during peak exercise. Three 
of these eight patients had an abnormal left ventricular 
response to exercise. Thus, there was evidence of left 
ventricular dysfunction in approximately one third of 
their patients. 

Echocardiography: Echocardiographic measure- 
ments have also been used in patients with cystic fi- 
brosis. Rosenthal et al.47 used echocardiography in a 
group of 96 such patients, but only 52 percent of them 
had technically satisfactory echocardiograms suitable 


for measurement of right ventricular diastolic dimen- 
sions. Weak but significant correlations were demon- 
strated between right ventricular dimensions and 
Schwachman clinical score, forced vital capacity and 
forced expiratory volume in 1 second. There was no 
correlation between arterial oxygen tension and right 
ventricular dimension. Overall, right ventricular di- 
mensions appeared to be of limited value in the as- 
sessment of cardiac function in patients with cystic fi- 
brosis. 

Recently, Hirschfeld et al.?9 used pulmonary and 
aortic valve echograms to measure right and left ven- 
tricular systolic time intervals in children with cystic 
fibrosis. In patients with right heart failure right ven- 
tricular preejection period to right ventricular ejection 
time ratio was elevated compared with that in patients 
without right heart failure. There was a good correlation 
between this ratio and forced vital capacity, residual 
volume and Schwachman clinical score. Left ventricular 
dysfunction was found in only two patients. Technically 
adequate studies that allowed complete visualization 
of the pulmonary valve were obtained only in approxi- 
mately two thirds of the patients studied. 


Ventricular Performance in Acute Respiratory Failure 


Left ventricular function: Relatively limited ra- 
dionuclide data are available on ventricular function 
during acute respiratory failure. Steele et al.* measured 
left ventricular ejection fraction with use of first pass 
radionuclide angiocardiography in 92 patients with 
acutely decompensated chronic obstructive lung disease 
(Fig. 9). Twenty-six of these patients had an abnormal 
resting left ventricular ejection fraction (less than 50 
percent). Of these patients, 13 had concomitant hy- 
pertension or coronary artery disease. Thus, only 13 of 
92 patients had evidence of left ventricular dysfunction 
without concomitant left-sided heart disease. Further 
studies are required in the small number of patients 
with abnormal left ventricular function to determine 
the prognostic significance of this finding. 

Biventricular performance: Ellis and Steele*®*9 
described the qualitative characteristics of the radio- 
cardiographic examination in 125 patients with acute 
respiratory failure. In addition to left ventricular ejec- 
tion fraction, pulmonary blood volume, pulmonary 
transit time and cardiac index were determined. A 
marked reduction in pulmonary blood volume associ- 
ated with a diminished pulmonary transit time occurred 
predominantly in patients with major pulmonary em- 
bolism. In these patients, left ventricular ejection 
fraction generally was normal. Right ventricular dys- 
function was characterized by a complete or partial loss 
of the distinct right and left ventricular peaks, associ- 
ated with a normal pulmonary blood volume. In these 
patients, there was marked elevation in mean pulmo- 
nary arterial pressure, and at autopsy there was marked 
right ventricular dilatation with minimal hypertrophy. 
Once again, left ventricular ejection fraction was nor- 
mal. Twenty-five percent of the patients studied had 
marked left ventricular dysfunction. In most cases the 
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'acute ventilatory failure was associated with concomi- 
tant myocardial infarction. These data demonstrate the 
potential value of adding radionuclide assessment of 
biventricular performance to conventional hemody- 
namic monitoring in acute respiratory failure. 

Adult respiratory distress syndrome: Preliminary 
data have been presented on right ventricular ejection 
fraction in patients with adult respiratory distress 
syndrome.®51 Right ventricular function was evaluated 
with first pass radionuclide angiocardiography and si- 
multaneous thermodilution pulmonary arterial cathe- 
terization. Right ventricular size and overall contraction 
also were evaluated with gated equilibrium cardiac 
blood pool imaging. Patients were classified into those 
with mild and those with severe adult respiratory dis- 
tress syndrome on the basis of the chest radiograph and 
the level of inspired oxygen needed. In patients with 
mild disease, right ventricular ejection fraction was 
normal and gated blood pool imaging demonstrated a 
normal-sized, well contracting right ventricle. However, 
in patients with severe disease, right ventricular per- 
formance was markedly depressed. Of note, in patients 
with progressive lung injury, right ventricular ejection 
fraction decreased as pulmonary arterial pressure and 
pulmonary vascular resistance increased. Conversely, 
resolution of lung injury was characterized by a decrease 
in pulmonary vascular resistance and an improved right 
ventricular ejection fraction. From these preliminary 
results, it appears that right ventricular dysfunction 
frequently accompanies severe acute lung injury and 
may be caused by the increased afterload due to pul- 
monary vascular obstruction or hypoxic vasoconstric- 
tion. 


Evaluation of Therapeutic Interventions 


Major therapy in acute and chronic respiratory failure 
should be directed toward the underlying cause of the 
respiratory insufficiency. Relief of alveolar hypoventi- 
lation by reversal of hypoxia and acidosis may diminish 
pulmonary arterial hypertension. Treatment of the 
blood gas abnormalities associated with respiratory 
failure often will result in improvement in right-sided 
heart failure. However, because of the poor prognosis 
associated with long-standing pulmonary arterial hy- 
pertension, it appears appropriate to attempt to modify 
the hemodynamic status of patients at high risk.? 

Response to aminophylline and theophylline: 
First pass radionuclide techniques have been employed 
to assess biventricular performance in response to in- 
travenous infusion of the potent bronchodilator, ami- 
nophylline.5?? In addition to measurement of right and 
left ventricular ejection fractions, arterial blood gases, 
ventilatory performance and theophylline blood levels 
were obtained. Studies were performed in 15 patients 
with chronic bronchitis and emphysema, including 4 
patients with cor pulmonale. Studies were obtained in 
the control state and after a 30 minute intravenous 
infusion of aminophylline, 9 mg/kg. Right ventricular 
ejection fraction at rest was abnormal in 8 of the 15 
patients. For the entire group, aminophylline signifi- 


cantly improved the right ventricular ejection fraction 
from 45 + 3 percent to 52 + 4 percent (Fig. 11). In six of 
eight patients with abnormal basal right ventricular 
performance, aminophylline resulted in normalization 
of the right ventricular ejection fraction. Concomitant 
increments in left ventricular ejection fraction were seen 
in 11 of 15 patients. These changes in biventricular 
performance occurred in the presence of only minimal 
improvement in the forced expiratory volume in 1 
second and forced vital capacity. Furthermore, al- 
though arterial carbon dioxide tension decreased, pre- 
sumably by a central mechanism involving hyper- 
ventilation, arterial oxygen tension did not change sig- 
nificantly. 

To evaluate further the role of changes in ventilatory 
status on the improvement in cardiac performance, a 
comparable protocol was carried out in five normal 
control subjects with no evidence of cardiopulmonary 
disease. Aminophylline infusion in these patients re- 
sulted in comparable increments in right and left ven- 
tricular ejection fractions, without any changes in 
ventilatory performance or arterial oxygen tension. The 
most likely mechanisms for improvement in right and 
left ventricular ejection fractions are either a direct 
inotropic effect or a secondary improvement in ven- 
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FIGURE 11. Effect of intravenous aminophylline on resting right ven- 
tricular (RV) and left ventricular (LV) ejection fractions in 15 patients 
with chronic obstructive pulmonary disease. Data in individual patients 
are shown by solid circles connected by either solid or dashed lines. 
The four patients whose values are indicated by dashed lines had 
documented cor pulmonale. The means are shown at the sides of each 
panel. Note that intravenous aminophylline infusion augmented both 
right and left ventricular performance. (Reproduced, with permission, 
from Matthay et al.5?) . 
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tricular function due to diminished pulmonary and 
systemic vascular resistances. Preliminary studies with 
oral sustained-release theophylline, 6 mg/kg every 8 
hours, have demonstrated that the moderate improve- 
ment in biventricular performance can be maintained 
during long-term therapy up to 3 months.?? 
Response to terbutaline and nitroglycerin: To 
provide greater insights into the mechanisms of action 
of specific drugs used in respiratory failure, prototypic 
combined radionuclide-hemodynamic studies have been 
designed. With use of first pass radionuclide angiocar- 
diography and thermodilution pulmonary arterial 
catheterization, the acute effects of the beta» agonist 
terbutaline and the vasodilator nitroglycerin were 
evaluated in patients with severe chronic obstructive 
pulmonary disease and right ventricular dysfunc- 
tion.455 In, one study, nitroglycerin decreased right 
ventricular end-diastolic volume index, but did not af- 
fect right ventricular afterload (pulmonary vascular 
resistance) or right ventricular systolic function. How- 
ever, nitroglycerin did worsen systemic oxygen delivery 
and increase the alveolar-arterial oxygen gradient. 
These results suggest that nitroglycerin may be dele- 
terious in these patients. In contrast, in a second study, 
terbutaline was found to improve both right and left 
ventricular ejection fraction, while decreasing pulmo- 
nary and systemic vascular resistances. End-systolic 
pressure/volume ratios, which appear to be less de- 
pendent on loading conditions, were unaffected by 
terbutaline. These data suggest a beneficial therapeutic 
effect of terbutaline on systolic ventricular function, 
predominantly by decreasing biventricular afterload. 
Response to digitalis: The use of digitalis and its 
derivatives in patients with cor pulmonale is contro- 
versial. In their recent review, Green and Smith? con- 
cluded that there was no definitive evidence to support 
the use of cardiac glycosides unless there was coexistent 
left ventricular failure. Application of radionuclide 
techniques should allow direct assessment of this 
problem. Preliminary data are available from two 
studies. Ellis et al.?8 found no improvement in right 
ventricular ejection fraction after intravenous admin- 
istration of ouabain in a dose of 0.01 mg/kg in 11 pa- 
tients with severe chronic obstructive pulmonary dis- 
ease and cor pulmonale. However, their study was lim- 
ited to evaluation of the acute effects of this digitalis 
glycoside. Recently, Mathur et al.°’ evaluated left and 


right ventricular ejection fractions using the equilibrium 
blood pool technique in 14 patients with cor pulmonale. 
Eight weeks of digitalization resulted in significant 
improvement in both values. However, the overall im- 
provement appeared to be due to the presence of four 
individual responders who demonstrated substantial 
increases in left ventricular ejection fraction (from 43 
to 56 percent) and right ventricular ejection fraction 
(from 30 to 37 percent). In the remaining 11 patients, 
there was no change in either left or right ventricular 
ejection fraction. Baseline left ventricular ejection 
fraction was substantially lower in patients who re- 
sponded than in those who did not. These preliminary 
results tend to support the conclusion of Green and 
Smith? that digitalis improves right ventricular func- 
tion in obstructive airway disease only if there is com- 
comitant left ventricular dysfunction. Further trials are 
needed to confirm these findings. 

Response to low flow oxygen: An additional ther- 
apeutic approach that has been applied widely in 
chronic obstructive pulmonary disease is continuous low 
flow oxygen therapy. Petty and Finigan?? demonstrated 
clearly the overall clinical improvement that results 
with this therapy. Ellis et al.2° reported a significant 
decrease in pulmonary arterial pressure and pulmonary 
vascular resistance during 6 months of continuous low 
flow oxygen therapy in six patients with cor pulmonale. 
In addition, there was a concomitant increase in right 
ventricular ejection fraction measured by first pass ra- 
dionuclide angiocardiography from 39 to 56 percent. By 
improving oxygenation and decreasing pulmonary 
vascular resistance, right ventricular ejection fraction 
increases as a result of decreased right ventricular af- 
terload. 

Preliminary data concerning the effects of acute 
oxygen administration in patients with chronic hy- 
poxic lung disease were presented by Olvey et al.?? 
'They evaluated the right ventricular response to exer- 
cise in 10 patients. While the patients were breathing 
room air, right ventricular ejection fraction decreased 
with exercise. However, while they were breathing 
oxygen, right ventricular ejection fraction increased 
normally with exercise in 5 of 10 patients. If these results 
can be extended to include long-term low flow oxygen 
therapy, this would represent a substantial demon- 
stration of the therapeutic efficacy of this modality in 
chronic obstructive pulmonary disease. £ 
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This paper reviews recent data concerning the interactions among pul- 
monary edema, intrapulmonary shunt and cardiac output in acute hy- 
poxemic respiratory failure. In canine oleic acid edema, a 5 mm Hg re- 
duction in pulmonary wedge pressure significantly reduces edema, but 
a corresponding increase in colloid osmotic pressure does not. When 
pulmonary wedge pressure is lowered, cardiac output can be maintained 
with infusions of nitroprusside, dopamine or dobutamine. Each vasoactive 
agent improves ventricular pumping function, and the increase in cardiac 
output is due in part to peripheral circulatory actions of the drugs. Although 
pulmonary shunt increases with these vasoactive agents, increased shunt 
is due not to their pulmonary vasoactivity but to the associated increase 
in pulmonary blood flow. Positive end-expiratory pressure reduces venous 
return by raising right atrial pressure, and it does not depress ventricular 
pumping function. Rather, positive end-expiratory pressure increases 
ventricular filling pressure at a given end-diastolic volume; it does not 
reduce and probably increases edema, yet it reduces shunt by redistri- 
buting the edema. These interpretations suggest several goals for car- 
diovascular management in acute hypoxemic respiratory failure: (1) the 
lowest pulmonary wedge pressure consistent with adequate cardiac 
output; and (2) the least positive end-expiratory pressure consistent with 
saturation of adequate circulating hemoglobin on nontoxic inspired 
oxygen. 


Preceding papers in this Seminar have described the pathophysiology 
of right ventricular dysfunction in chronic respiratory failure and how 
ventricular interdependence causes apparent left ventricular dysfunc- 
tion.’ Right heart overload and pulmonary hypertension undoubtedly 
play a role in the cardiovascular dysfunction in hypoxemic respiratory 
failure, especially days and weeks after severe lung injury.»9 Yet other 
cardiovascular disturbances predominate during the exudative phase 
immediately after lung injury? when therapeutic goals are to maintain 
arterial oxygenation and cardiac output while reducing pulmonary 
edema.?? This paper reviews recent evidence concerning the interrela- 
tionships among pulmonary edema formation, pulmonary blood flow 
distribution, and intrapulmonary shunt in acute hypoxemic respiratory 
failure, and how these relationships are altered by ventilator and vaso- 
active drug therapy. We sacrifice a comprehensive review of the topics 
to emphasize one conceptual approach to integrate and to apply thera- 
peutically the concepts presented earlier in this Seminar. 


Illustrative Case 


A brief case description illustrates the points to be discussed. A previously 
healthy 65 year old woman underwent surgery for bowel obstruction. Six hours 
after extubation, she was dyspneic, tachypneic and cyanotic. A chest radiograph 
(Fig. 1, left) revealed diffuse air space consolidation, and arterial blood gases 
confirmed severe hypoxemia during air breathing (arterial partial pressure of 
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FIGURE 1. Anteroposterior chest radiographs. Left, taken 6 hours postoperatively, demonstrating diffuse right lung air space consolidation, and 
peribronchial and hilar edema in the right lung. The heart is not enlarged and a preoperative film obtained 36 hours earlier was normal. These findings 
were consistent with a clinical diagnosis of aspiration pneumonitis. Right, taken 48 hours later. An endotracheal tube and bilateral chest tubes 
are in place. Residual pneumothorax is evident above the right diaphragm. Diffuse bilateral air space consolidation has increased dramatically. 


The heart size remains normal. 


oxygen [PaO;] 31 mm Hg) and respiratory alkalosis (arterial 
partial pressure of carbon dioxide [PaCOs;] 29 mm Hg, pH 
7.52). She was intubated and ventilated with oxygen, and a 
Swan-Ganz catheter was inserted into the pulmonary artery. 
Then PaO; was 55 mm Hg, pulmonary wedge pressure was 5 
mm Hg, and the copious tracheal secretions looked like plasma 
and had a ¢olloid osmotic pressure of 18 mm Hg. Intrapul- 
monary shunt fraction (Qs/Qt) was calculated to be 0.7. The 
patient was conscious with good peripheral circulation, ade- 
quate urinary output and blood pressure, and a cardiac output 
of 3.0 liters/min per m?. During the next 36 hours, her pul- 
monary capillary leak was treated with fluid restriction and 
diuretic therapy to effect a 3 liter negative fluid balance. This 
was associated with reduced cardiac output, which was re- 
turned toward normal by intravenous infusions of dopamine, 
2 ug/kg per min, and sodium nitroprusside, 3 ug/kg per min. 
Positive end-expiratory pressure was progressively increased 
to 15 mm Hg, when arterial oxygen saturation was 90 percent 
on a reduced inspired fraction of oxygen (FIO;) of 0.6. At that 
time, the Qs/Qt ratio was 0.3 and wedge pressure measured 
on positive end-expiratory pressure was 5 mm Hg. The ra- 
diographic appearance of the lungs was much worse, and the 
clinical course was complicated by a right pneumothorax (Fig. 
1, right). During the next 3 days, positive end-expiratory 
pressure was removed while the negative fluid balance, low 
wedge pressure and adequate cardiac output were maintained. 
The patient was extubated on day 6 and had a clear chest ra- 
diograph on discharge from the hospital on day 21. 


Interrelation Among Pulmonary Edema, 
Intrapulmonary Shunt and Blood Flow 


This case illustrates clinical features common to 
conditions variously described as traumatic wet lung,!? 
adult respiratory distress,!! capillary leak syndrome!” 
and diffuse alveolar damage.’ The central abnormality 
is excess lung liquid, which leads to tissue hypoxia. The 
important intermediary pathophysiologic mechanisms 
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and their response to therapeutic interventions are in- 
terrelated in complex and poorly defined ways. One 
simplistic scheme is given in Figure 2 as a basis for dis- 
cussion. An unspecified lung injury leads to excess lung 
liquid, which fills air spaces. To the extent that perfu- 
sion of the affected area persists, an intrapulmonary 
shunt (Qs/Qt) and arterial hypoxemia develop. This 
causes tissue hypoxia if the cardiovascular system does 
not compensate by increasing cardiac output. 


Role of positive end-expiratory pressure: The 
interrelations among excess liquid, shunt, hypoxemia 
and cardiac output are complicated by common thera- 
peutic manipulations designed to stabilize respiratory 
and cardiovascular function. Management of the patient 
on a ventilator allows high inspired oxygen fractions to 
improve arterial hypoxemia, and positive end-expira- 
tory pressure to decrease the shunt. Because hypoxemia 
due to true shunt is very refractory to oxygen, oxygen 
therapy may be so excessive and prolonged as to ag- 
gravate the lung injury. Further, positive pressure 
ventilation tends to reduce venous return and cardiac 
output. This effect is especially important when positive 
end-expiratory pressure is added to the ventilator to 
decrease the shunt.!? Because positive end-expiratory 
pressure is so effective at reducing Qs/Qt, and because 
venous return can often be maintained by plasma vol- 
ume expansion or cardiovascular drugs, little attention 
has been paid to the observations that positive end- 
expiratory pressure tends to increase the excess lung 
liquid.1415 


Role of pulmonary edema: In the most common 
clinical manifestation of excess lung liquid— pulmonary 
edema—therapy aims to reduce the rate of edema for- 
mation by reducing the central blood volume and the 
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FIGURE 2. Schematic outline of the pathophysiology and treatment of 
acute hypoxemic respiratory failure. From left to right, the central ab- 
normality of excess lung liquid causes intrapulmonary shunt and arterial 
hypoxemia, which proceeds to tissue hypoxia when cardiac output is 
not increased enough. Ventilator therapy allows high inspired fraction 
of oxygen (F102), which has the beneficial effect (solid line) of raising 
PaO, and the deleterious effects (interrupted lines) of increasing lung 
injury and edema. Positive end-expiratory pressure (Peep) reduces shunt 
but increases edema and reduces cardiac output. Vasoactive drugs and 
fluid therapy also have conflicting effects. Blood volume expansion 
maintains cardiac output but increases edema; diuretic drugs and 
plasma volume reduction decrease edema and cardiac output. At re- 
duced central blood volume, vasoactive drugs maintain output but they 
also increase shunt. 


hydrostatic pressure in pulmonary microvessels. When 
edema is associated with insufficient cardiac output, 
reducing central blood volume to treat edema also re- 
duces cardiac output. Cardiac output may be main- 
tained at lower ventricular filling pressure by admin- 
istration of vasoactive drugs, but recent evidence indi- 
cates that their pulmonary vasoactivity also increases 
intrapulmonary shunt.!9 

In the subsequent discussion, we examine principles 
and data that bear on several key interrelations and so 
influence the choice of cardiovascular therapy in hy- 
poxemic respiratory failure. 


| alveolus / 


alveolus 








Edema flow = [(Pmv - Pis)-(rmv - nis) a] Kf 


FIGURE 3. Schematic illustration of the relation between lung liquid 
flux and cardiac output. A pulmonary vessel proceeds from the pul- 
monary artery on the left to the left ventricle in diastole on the right. As 
it passes between air spaces, the hydrostatic pressure (Pmv) is an 
important variable determining edema flux and left ventricular filling. 
Clinically, pulmonary wedge pressure approximates both hydrostatic 
pressure and left ventricular end-diastolic pressure (LVEDP); thus, re- 
ducing pulmonary wedge pressure reduces edema flux and cardiac 
output during therapy of pulmonary edema. Kf — permeability of vessels 
to liquid; Pis = hydrostatic pressure in interstitium; c = fraction of 
difference between hydrostatic pressure and hydrostatic pressure in 
interstitium (7rmv — 7 is). 
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FIGURE 4. Left ventricular (LV) volume (abscissa)-pressure (ordinate) 
relations during treatment of pulmonary edema. Consider an end-dia- 
stolic volume-pressure coordinate (closed circle) on the normal con- 
tinuous diastolic curve which shortens during systole to the corre- 
sponding point (closed circle) on the continuous end-systolic volume- 
pressure curve. After acute or chronic myocardial injury, the diastolic 
curve is displaced up and to the left and the systolic curve is displaced 
down and to the right (interrupted lines). Now end-diastolic volume is 
increased (open circle). Yet stroke volume is reduced because 
end-systolic volume is increased (open circle). In cardiogenic edema, 
reduction of preload lowers end-diastolic volume and pressure along 
the steep interrupted diastolic volume-pressure curve, yet stroke volume 
is maintained by reducing end-systolic volume with inotropic or vaso- 
dilator therapy. In low pressure edema, a given reduction in end-diastolic 
volume lowers end-diastolic pressure less along the continuous diastolic 
volume-pressure curve, and inotropic agents may have less effect on 
the normal systolic volume-pressure curve. 


interaction Between Ventricular Function and 
Pulmonary Edema 


Pulmonary vessels responsible for lung liquid flux are 
perfused from the pulmonary artery and empty into the 
left atrium (Fig. 3). Hydrostatic pressure in these vessels 
approximates that in the left atrium, which in turn ap- 
proximates left ventricular end-diastolic pressure and 
the pulmonary capillary wedge pressure. The tendency 
of hydrostatic pressure to cause liquid flux from pul- 
monary vessels into the surrounding interstitium is 
opposed by its hydrostatic pressure and by some frac- 
tion of the difference between the colloid osmotic 
pressures in these spaces. For a given permeability of 
vessels to liquid, changes in hydrostatic pressure cause 
corresponding changes in lung liquid flux!’ and left 
ventricular filling.!? f 

Cardiogenic pulmonafy edema: For subsequent 
comparison with hypoxemic respiratory failure, the 
pathophysiology and management of cardiogenic pul- 
monary edema are illustrated and reviewed as the 
change in diastolic and systolic volume-pressure curves 
of the left ventricle (Fig. 4). The ischemic failing ven- 
tricle is stiffer in diastole (greater end-diastolic pressure 
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at each end-diastolic volume!) and has reduced con- 
trhctility (greater end-systolic volume at a given pres- 
sure afterload [end-systolic pressure]!?). The high left 
ventricular end-diastolic pressure is associated with 
reduced stroke volume and increased lung liquid flux. 
Therapy attempts to reduce left ventricular end-dia- 
stolic pressure and pulmonary hydrostatic pressure to 
decrease edema, yet to increase stroke volume and 
cardiac output. Preload reduction lowers central blood 
volume, left ventricular end-diastolic volume and pul- 
monary capillary wedge pressure and so reduces edema 
and cardiac output (venous tourniquets, positive pres- 
sure breathing, morphine, furosemide). Positive ino- 
tropic agents (aminophylline, isoproterenol, dopamine, 
dobutamine) reduce end-systolic volume at the same 
afterload and increase venous return without major 
changes in end-diastolic volume, pulmonary capillary 
wedge pressure or edema. Vasodilator therapy (nitro- 
prusside, nitroglycerin) reduces end-systolic volume by 
reducing afterload,?? and also returns diastolic stiffness 
toward normal so that greater stroke volume occurs with 
lesser end-diastolic pressure.!? Accordingly, these three 
types of therapy aim to treat cardiogenic edema by re- 
ducing pulmonary hydrostatic pressure and increasing 
cardiac output to an adequate level. 

Hypoxemic respiratory failure: In contrast to 
cardiogenic pulmonary edema, acute hypoxemic res- 
piratory failure is often associated with normal pul- 
monary hydrostatic pressure and cardiac output. When 
the cause of hypoxemia is edema, we infer increased 
permeability of the pulmonary vessels. Since lung liquid 
flux is increased at normal hydrostatic pressure, it may 
be reducéd by lowering hydrostatic pressure at the ex- 
pense of reduced central blood volume, left ventricular 
end-diastolic volume and cardiac output. In further 
contrast to cardiogenic edema in which a given reduc- 
tion in end-diastolic volume is associated with a large 
reduction in hydrostatic pressure, only a small reduction 
in hydrostatic pressure occurs in low pressure edema. 
Positive inotropic agents increase cardiac output in 
cardiogenic edema because the damaged left ventricle 
is the site of flow limitation in the cardiovascular circuit. 
However, when the ventricular pumping function is 
normal, increased venous return may not follow in- 
creased contractility. Accordingly, different agents 


TABLE | 


having peripheral vasoactivity may be required to 
maintain venous return at low pulmonary wedge pres- 
sure in hypoxemic respiratory failure. 

This comparison raises several questions concerning 
cardiovascular management in acute hypoxemic res- 
piratory failure: Do changes in pulmonary wedge 
pressure and plasma oncotic pressure influence the rate 
and amount of edema formation? When a normal pul- 
monary wedge pressure is lowered, can vasoactive 
agents maintain cardiac output? Do vasoactive agents 
alter intrapulmonary shunt (Qs/Qt) and PaO;? How 
does positive end-expiratory pressure alter Qs/Qt and 
ventricular function? 


Effects of Pulmonary Wedge Pressure on 
Edemagenesis and Cardiac Output 


One study?! addressed several of these questions in 
a canine model of low pressure pulmonary edema. In 35 
anesthetized ventilated dogs, the intrapulmonary shunt 
(Qs/Qt) doubled and central hemodynamics did not 
change 1 hour after intravenous injection of oleic acid 
(0.08 ml/kg). These dogs were then randomly and 
equally divided into five groups and each group was 
treated differently during the next 4 hours. The dogs 
were then exsanguinated and the wet/dry ratio of their 
excised lungs was determined to assess the amount of 
edema. In control animals, pulmonary wedge pressure 
did not change (11 mm Hg) and colloid osmotic pressure 
(16 mm Hg) did not change during the 4 hours, whereas 
pulmonary wedge pressure was lowered by about 5 mm 
Hg in two groups by phlebotomy and nitroprusside 
infusion (Table I). Reduced pulmonary wedge pressure 
was associated with a large reduction in edema when the 
wet/dry values were compared with those in control 
animals. The group subjected to phlebotomy also had 
significantly reduced intrapulmonary shunt and cardiac 
output consistent with low pulmonary wedge pressure. 
In contrast, nitroprusside increased the cardiac output, 
and Qs/Qt was not reduced nearly as much as in the 
group with phlebotomy despite similar pulmonary 
wedge pressure and edema (Table I). 

These data suggest that small reductions in pul- 
monary wedge pressure substantially reduce canine 
oleic acid pulmonary edema, that the corresponding 
reduction in cardiac output can be offset by nitroprus- 


Relative Effects of Reduced Pulmonary Wedge Pressure, Increased Plasma Colloid Osmotic Pressure and Positive End- 
Expiratory Pressure on Wet/Dry Weight Ratio of Excised Lungs, Intrapulmonary Shunt (Qs/Qt [96 ]) and Cardiac Output (Qt) 


in Canine Oleic Acid Pulmonary Edema 





Plasma Positive End- 
. Colloid Expiratory 
Control Phlebotomy Nitroprusside Osmotic Pressure Pressure 
Pulmonary wedge pressure 
(mm Hg) 11.6 + 1.0 6.4 + 6.4 + 1.2 10.6 + 1.0 10.3 + 1.4 
Plasma colloid osmotic 
pressure (mm Hg) 16.2 + 1.8 15.8 + 16.0 + 1.5 21.4 t 2.1 15.4 t 1.9 
Wet/dry ratio 10.5 € 1.8 75 + 7.3: 1.1 11.3 + 1.3 8.6+ 1.4 
Qs/Qt (96) 34.1 + 22 11:8 & 12.7 23.1 + 10.6 44.1 # 22.1 8.7 + 3.8 
Qt (liters/min) >» 2.11 X 0.70 1.454 1 2.92 + 0.77 2.00 + 1.00 1.76 xe 1:31 
oic vaka ai itkien EAE SN Ea rs SD LUN LL ht RARE n 2 48d d NRI EIU d m 1 A ERE RERBA. oS BD ERROR Ld s LA 


All values are expressed as mean values + standard deviation for each group of dogs (n = 7). . 


966 "April 1981 The American Journal of CARDIOLOGY Volume 47 


‘side and that nitroprusside increases Qs/Qt. It then 
seems reasonable to manage patients with hypoxemic 
respiratory failure with the lowest pulmonary wedge 
pressure consistent with adequate cardiac output. 

In a fourth group, albumin was infused over 30 min- 
utes to raise colloid osmotic pressure by 5 to 21 mm Hg 
with precaution to keep pulmonary wedge pressure 
constant at 11 mm Hg. This intervention did not reduce 
the edema, suggesting that plasma oncotic pressure has 
little effect on edema flux when the pulmonary vessels 
are permeable to protein. We speculate that if pulmo- 
nary wedge pressure had been allowed to rise during 
albumin infusion, edema would increase. It seems rea- 
sonable to use colloid infusion only to maintain cardiac 
output at the lowest pulmonary wedge pressure in hy- 
poxemic respiratory failure, and not to infuse colloid to 
reduce edema. 


Effects of Vasoactive Agents on Cardiac Output 
and Ventricular Function in Hypoxemic 
Respiratory Failure 


Nitroprusside 


In the study previously cited, 2! nitroprusside pre- 
vented the reduction in cardiac output observed in the 
phlebotomy group 5 hours after injection of oleic acid 
(Table I). Accordingly, stroke volume was much greater 
with nitroprusside despite the same preload (pulmonary 
wedge pressure) and pressure afterload as in the phle- 
botomy group. In subsequent studies, brief infusions of 
nitroprusside reversibly increased stroke volume and 
reduced pulmonary wedge pressure in dogs with oleic 
acid edema”? and in patients with hypoxemic respira- 
tory failure but no history of heart failure (Table II).2° 
We conclude that nitroprusside improves left ventric- 
ular pumping function in hypoxemic respiratory failure, 
and note that this change was associated with a large 
reduction in systemic vascular resistance in each 
study.?1-?3 


One explanation of this effect is illustrated in Figure 5. In 
panel A, the hypothetical left ventricular volume-pressure 
relations of the untreated group at 1 and 5 hours after oleic 
acid injection are presented. Assuming a left ventricular 
ejection fraction of 0.5 at 1 hour, we calculated end-diastolic 
volume (stroke volume/ejection fraction), plotted it against 
the corresponding pulmonary wedge pressure, and drew a 
smooth curve consistent with our data and reported canine 
diastolit volume-pressure curves.!? The corresponding end- 
systolic volume (end-diastolic volume minus stroke volume) 
was plotted against end-systolic pressure, approximated by 
mean blood pressure. The slope and position of the systolic 
volume-pressure line drawn through our mean data describes 
the pumping performance (contractility) of the left ventricle.!? 
At 5 hours when pulmonary wedge pressure and end-diastolic 
volume were unchanged, stroke volume decreased because 
end-systolic volume increased at the same pressure afterload. 
Accordingly, the interrupted systolic volume-pressure curve 
at 5 hours indicates depressed left ventricular contractility. 

In Figure 5B, the same approach was used to construct di- 
astolic and systolic volurge-pressure curves at 1 hour consis- 
tent with the mean data of the nitroprusside group. At 5 hours, 
pulmonary wedge pressure and end-diastolic volume were 
reduced with nitroprfisside therapy along the diastolic vol- 
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TABLE Il 


Effects of Nitroprusside on Ventricular Function and Gas 
Exchange in Eight Patients With Acute Hypoxemic 
Respiratory Failure 





CO Ppw BP Pra Ppa  Qs/Qt PaO; 





Control 5.4 14 88 10.6 29 18 223 
Nitroprusside 6.1 10 79 7.8 23 29 125 


Mean values are shown, and all nitroprusside data differ from control 
data by paired t test. 

BP = mean arterial pressure (mm Hg); CO = cardiac output (liters/ 
min); PaO»? = partial pressure of arterial oxygen (mm Hg); Ppa = pul- 
monary arterial pressure (mm Hg); Ppw — pulmonary wedge pressure 
(mm ng): Pra = right atrial pressure (mm Hg); Qs/Qt = intrapulmonary 
shunt %. 


ume-pressure curve. However, stroke volume was not reduced, 
so end-systolic volume and blood pressure decreased with 
nitroprusside. These changes suggest that the end-systolic 
volume-pressure curve at 5 hours was not changed from the 
1 hour curve, so that nitroprusside prevented the depression 
in contractility illustrated for the untreated group in Figure 
5A. Because nitroprusside does not enhance contractility of 
ventricular muscle,?* we propose an alternative explanation 
based on the observation that the left ventricle ejects to a 
smaller end-systolic volume against the same end-systolic 
pressure when the systemic vascular resistance is reduced .?? 
Conceivably, the large increase in systemic vascular resistance 
at 5 hours in the untreated group presents a large resistive 
afterload that impedes ventricular ejection at the same end- 
systolic pressure in Figure 5A. When nitroprusside prevents 
the increase in systemic resistance, end-systolic volume is not 
increased (panel B). 
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FIGURE 5. Effects of time and oleic acid on left ventricular pressure 
(ordinate)-volume (abscissa) relations. A, for the untreated (No Rx) 
group, continuous end-diastolic and end-systolic relations are drawn 
through the mean data at 1 hour (open circles). Assuming no change 
in end-diastolic volume-pressure (V-P) relation at 5 hours, end-diastolic 
volume is unchanged and end-sysfolic volume is increased as indicated 
by the closed circle on the interrupted depressed end-systolic vol- 
ume-pressure curve. B, group treated with nitroprusside (NP). The 
continuous diastolic and systolic volume-pressure curves are drawn 
through the mean data at 1 hour (open circles). At 5 hours, stroke vol- 
ume is not reduced because diastolic and systolic volumes are equally 
reduced along the same volume-pressure curves (closed circles). 
Accordingly, nitroprusside prevented depression of left ventricular 
pumping function. 
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FIGURE 6. Effect of reduced resistive load on left ventricular volume 
(abscissa)-pressure (ordinate) relations. The numbers denote the four 
sequential experimental conditions, and indicate the mean volume- 
pressure coordinates for the six dogs in which measurements were 
obtained in all conditions. Stroke volume is the difference between 
: diastolic and systolic values for each condition. The end-diastolic values 
in the lower right do not obviously depart from a single curve. The 
end-systolic coordinates with closed shunts (1 and 4) demonstrated that 
end-systolic volume increased from 1 to 4 (continuous lines) in our 
experiments. Note that the corresponding coordinate with open shunts 
(2 and 3) are displaced to the left of the continuous lines, indicating the 
reduced end-systolic volume at a given end-systolic pressure. 


The effect of nitroprusside on the left ventricular 
mechanics depicted in Figure 5 concurs with the 
changes in volume-pressure curves measured during 
acute infusions of nitroprusside in canine oleic acid 
edema” and in patients with hypoxemic respiratory 
failure.?? In these studies, as well as others from our 
laboratory, left ventricular end-diastolic volume was 
determined using radionuclide gated equilibrium blood 
pool imaging. Thermodilution cardiac output also was 
obtained simultaneously. In animals, end-diastolic 
volume was calculated from biplane left ventricular 
contours determined with planimetry; end-systolic 
volume then was obtained by subtracting thermodilu- 
tion stroke volume from end-diastolic volume. In pa- 
tients, left ventricular end-diastolic volume was deter- 
mined from thermodilution stroke volume divided by 
radionuclide count-based left ventricular ejection 
fraction.* In both studies,???6 nitroprusside reduced 
pulmonary wedge pressure and left ventricular end- 
diastolic volume, yet increased stroke volume and car- 
diac output significantly. These results suggest that 
end-systolic volume is reduced at the same end-systolic 
pressure when systemic. vascular resistance is re- 
duced. 

To test this possibility,” (ve measured left ventric- 
ular end-diastolic and end-systolic volumes and 
pressures in 11 anesthetized areflexic dogs in four se- 
quential conditions: (1) baseline; (2) after opening a 
large systemic arteriovenous shunt which increased 
cardiac output-by 80 percent and slightly reduced left 
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FIGURE 7. Effect of dopamine on ventricular mechanics and cardiac 
output in anesthetized dogs during five sequential experimental con- 
ditions: (1) baseline, (2) plasma volume expansion, (3) dopamine infu- 
sion, (4) plasma volume reduction during dopamine therapy, and (5) 
without dopamine. Left panel, left ventricular (LV) pressure (ordi- 
nate)-volume (abscissa) relations showing the effect of dopamine 
(interrupted line connecting 3 and 4) on the end-systolic volume- 
pressure curve. Right panel, hypothetical venous return (ordinate)-right 
atrial pressure (Pra) (abscissa) relations conforming to experimental 
condition 5 (continuous lines, without dopamine) and condition 4 (in- 
terrupted lines, with dopamine). See text for discussion. Ipm = liters 
per minute. 


Pra (mmHg) 


ventricular end-systolic pressure; (3) after plasma vol- 
ume expansion to increase cardiac output and left 
ventricular end-systolic pressure further; and (4) after 
closing the systemic arteriovenous shunt. The mean 
results (Fig. 6) demonstrated that end-systolic volumes 
were reduced at the same end-systolic pressures when 
the arteriovenous shunt was opened (conditions 2 and 
3) compared with values in conditions 1 and 4. These 
results could not be attributed to increased ventricular 
contractility,” so they support the concept that vaso- 
dilator therapy improves ventricular function by re- 
ducing the resistive afterload. 


Dopamine 


Whatever the mechanism, nitroprusside is one 
vasoactive agent that reduces canine low pressure 
edema by reducing pulmonary wedge pressure. Yet, 
cardiac output is not reduced by nitroprusside in these 
dogs or in patients with hypoxemic respiratory failure. 
Recent studies?? confirmed that dopamine infusion has 
similar effects in dogs with normal cardiovascular 
function. " 


The left panel in Figure 7 shows the mean systolic and 
diastolic volume-pressure values measured in eight dogs 
during five sequential conditions: (1) baseline; (2) after blood 
volume expansion; (3) during dopamine infusion (10 ug/kg per 
min); (4) after blood volume reduction on dopamine; and (5) 
after discontinuation of dopamine. Although dopamine had 
no effect on the diastolic volume-pressure relation, it increased 
contractility (interrupted systolic volume-pressure line con- 
necting conditions 3 and 4) compared with the continuous 
systolic volume-pressure line connecting conditions 1, 2 and 
5. Comparison of condition 2 having normal stroke volume at 
a left ventricular end-diastolic pressure of 11 mm Hg with 
condition 4 demonstrates that when plasma volume reduction 


A. Depressed Contractility B. Reduced Diastolic 


Compliance 
/ d 
/ / 160 
o / 
/ $ 150 
J- ----p2 g------ P2 


PLV-Pes Zi r8 PLv-Pes 
14 ] 
(mmHg) / / 9 (mmHg) 





LV VOLUME (ml) 


FIGURE 8. Effect of positive end-expiratory pressure on left ventricular 
function. Ordinate, transmural left ventricular pressure (PIV — Pes); 
Abscissa, left ventricular (LV) volume. Closed circles denote mean 
values off positive end-expiratory pressure and open circles mean 
values on positive end-expiratory pressure (from reference 12). Stroke 
volume in condition P2 was the same as in Z 1, yet the filling pressure 
was 10 mm Hg higher at P2. This might be due to depressed ventricular 
contractility on positive end-expiratory pressure (panel A) or to reduced 
diastolic compliance or unstressed volume on positive end-expiratory 
pressure (panel B). See text for discussion. 


lowers end-diastolic pressure to 4 mm Hg, dopamine main- 
tains stroke volume by reducing end-systolic volume. When 
administration of dopamine was discontinued, stroke volume 
decreased because end-systolic volume increased. Recent 
studies?? confirmed identical effects of both dopamine and 
dobutamine in canine oleic acid edema (normal or increased 
stroke volume and cardiac output were maintained by each 
drug when pulmonary wedge pressure was lowered from 12 
to 3 mm Hg). 

Does this increase in left ventricular contractility account 
for the observed increase in venous return and cardiac out- 
put? The right panel of Figure 8 shows a hypothetical cardiac 
function curve and a venous return curve (continuous lines) 
intersecting at the values of right atrial pressure and cardiac 
output measured in condition 5. The interrupted cardiac 
function curve with dopamine (conditions 3 and 4) is displaced 
to the left of the continuous cardiac function curve without 
dopamine (conditions 2 and 5), indicating enhanced con- 
tractility with dopamine. Because right atrial pressure did not 
decrease between conditions 5 and 4 along the continuous 
venous return curve to its intersection with the new cardiac 
function curve, and because cardiac output and venous return 
increased between conditions 5 and 4 much more than pre- 
dicted from that intersection, most of the effect of dopamine 
on cardiae output is not due to enhanced contractility. Rather, 
it must be due to dopamine effect on the venous return curve.? 
One possibility is reduced resistance to venous return at the 
same mean circulatory pressure during dopamine therapy, as 
illustrated by the interrupted venous return curve intersecting 
the interrupted cardiac function curve during dopamine 
therapy at the mean values of right atrial pressure and cardiac 
output observed in condition 4. Alternatively, dopamine might 
increase mean systemic pressure without changing resistance 
to venous return. 


We conclude that nitroprusside, dopamine and 
dobutamine maintain cardiac output when central 
blood volume is lowered to reduce pulmonary wedge 
pressure and edema. Dopamine and dobutamine re- 
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duce left ventricular end-systolic volume at a given 
pressure afterload by increasing ventricular contrac- 
tility, whereas nitroprusside probably reduces end- 
systolic volume by reducing systemic vascular resis- 
tance. In each case, reduced end-systolic volume allows 
the left ventricle to accommodate normal or increased 
venous return at a reduced end-diastolic volume and 
pressure. A substantial part of the effect of these vaso- 
active drugs on venous return is attributable to their 
peripheral vascular effects in relation to their ventric- 
ular effects. 


Effects of Vasoactive Agents and Cardiac Output 
On Intrapulmonary Shunt 


Comparison of the phlebotomy and nitroprusside 
groups in Table I reveals that for a similar amount of 
edema, the intrapulmonary shunt (Qs/Qt) is doubled 
by nitroprusside therapy. This effect was also observed 
during brief infusions of nitroprusside in canine oleic 
acid edema?? and in patients with hypoxemic respira- 
tory failure? (Table II). Dopamine and dobutamine also 
increase Qs/Qt in canine oleic acid edema, and a similar 
increase in shunt occurs when cardiac output is in- 
creased by opening a systemic arteriovenous fistula.!6.29 
These results suggest that pulmonary vasoactivity of 
these agents is not responsible for the increased shunt. 
Rather, increased cardiac output in itself increases the 
shunt. 


Conceivably, increased pulmonary blood flow is redistri- 
buted toward nonventilated edematous lung units. To test 
this possibility in a series of experiments in anesthetized dogs 
with oleic acid edema confined to one lower pulmonary lobe, 
the lobar distribution of pulmonary blood flow was measured 
by differentially labeled microspheres before and after cardiac 
output was doubled by infusion of nitroprusside,*° dopamine 
and dobutamine,*! or by opening a systemic arteriovenous 
fistula.?? Two hours after oleic acid was injected into the left 
lower lobar artery the fraction of pulmonary blood flow to the 
edematous lobe (QI/Qt) had decreased from 0.29 + 0.04 to 0.17 
+ 0.06 (mean + standard error of the mean), and the lower 
lobar shunt fraction calculated from lobar venous O» content 
increased from 0.08 + 0.04 to 5 + 0.3. The edematous lobe did 
not receive a greater fraction of increased cardiac output 
during infusion of nitroprusside, dopamine or dobutamine or 
when arteriovenous shunts were opened. 


These results confirm that the pulmonary vasoacti- 
vity of these agents does not redistribute blood flow to 
flooded lung regions and indicate that increased cardiac 
output does not redistribute toward edematous regions. 
Yet the shunt in the edematous lobe increased in all 
groups. We contend that redistribution toward flooded 
units within the injured lobe would increase edematous 
lobar perfusion relative to the other uninjured lobes. 
Since this was not observed, increased lobar shunt with 
increased cardiac output may not be due to redistribu- 
tion of pulmonary blood flow. Rather, intrapulmonary 
shunting in pulmonary edema may be due to incomplete 
oxygen diffusion in flooded lung units which is aggra- 
vated by a reduced pulmonary transit time associated 
with increased cardiac output. i 


April 1981 The American Journal of CARDIOLOGY Volume 47 969° 





TREATMENT OF RESPIRATORY FAILURE—WOOD AND PREWITT 





10 20 3 40 50 
LV VOLUME (ml) 
FIGURE 9. Mean canine left ventricular transmural pressure (PIV — Pes) 
(ordinate)-volume (abscissa) relation off (closed circles) and on (open 
circles) positive end-expiratory pressure. A single end-systolic vol- 
ume-pressure relation describes all values. Thus, positive end-expiratory 
pressure did not depress ventricular contractility; instead, it increased 
the diastolic filling pressure at a given end-diastolic volume. 


What is the clinical significance of the lack of effect 
of pulmonary vasoactivity of nitroprusside, dopamine 
and dobutamine on shunt fraction? When pulmonary 
wedge pressure is lowered to reduce edema to the point 
where cardiac output is insufficient, these vasoactive 
agents may be employed to return cardiac output to 
normal. T'hen, the value of the intrapulmonary shunt 
(Qs/Qt) obtained is determined by the amount of edema 
and the cardiac output required by the patient, and is 
not increased by the agents themselves. For example, 
a patient having clinically adequate cardiac output of 
3 liters/min at a pulmonary wedge pressure of 10 mm 
Hg has a Qs/Qt of 0.3. When reduced central blood 
volume lowers the wedge pressure to 5 mm Hg and 
cardiac output is kept at 3 liters/min by vasoactive 
agents, Qs/Qt remains at 0.3 until the edema begins to 
be cleared. Note that the data contributing to this 
argument are preliminary and most come from canine 
experiments. Note further in Table II that nitroprusside 
infusion in patients is associated with significant in- 
creases in cardiac output and shunt; yet the net effect 
is a significant reduction in PaO». 


Effects of Positive End-Expiratory Pressure on 
Cardiac Output, Edema and Shunt 


Positive end-expiratory pressure reduces venous re- 
turn by increasing intrathoracic and right atrial pres- 
sures. If this were the only mechanism reducing cardiac 
output during positive end-expiratory pressure 
breathing, reduced stroke volume would be associated 
with reduced left ventricular end-diastolic volume. 
Several studies!?3? demqnstrated that reduced stroke 
volume on positive end-expiratory pressure is not as- 
sociated with reduced ventricular filling pressure in 
canine models of hypoxemic respiratory failure, and 
that greater transmural left ventricular end-diastolic 
pressure is required to maintain the same stroke volume 
after positive end-expiratory pressure is applied. 


A common interpretation of such data? is depicted in 
Figure 8A. 'To the extent that positive end-expiratory pressure 


does not alter the diastolic volume-pressure curve, increased 
left ventricular filling pressure on positive end-expiratory 
pressure (P2—open circles) signals increased end-diastolic 
volume compared with zero end-expiratory pressure (Zl, 
closed circle). Because stroke volume and blood pressure were 
not different in Z1 and P2, end-systolic volume must be in- 
creased at the same end-systolic pressure on positive end- 
expiratory pressure, indicating depressed ventricular pumping 
function. The alternative explanation is given in Figure 8B, 
where positive end-expiratory pressure does not depress 
ventricular function so all end-systolic volume-pressure points 
with and without positive end-expiratory pressure fall on the 
same line. Here, filling pressure increases during positive 
end-expiratory pressure at the same end-diastolic volume 
because positive end-expiratory pressure reduces the un- 
stressed volume or the compliance of the left ventricle, or 
both. 

Two recent studies?*?^ confirm that positive end-expir- 
atory pressure alters the diastolic volume-pressure relation 
in dogs. The mean data from a third canine study?6 are shown 
in Figure 9. End-diastolic volumes were measured in anes- 
thetized dogs with oleic acid pulmonary edema in baseline 
conditions (Z1), after acute plasma volume expansion (Z2), 
after positive end-expiratory pressure (20 cm H20) was ap- 
plied (P1), after a second plasma volume expansion during 
positive end-expiratory pressure (P2), and after positive 
end-expiratory pressure was removed (23). End-systolic 
volume was calculated and plotted against end-systolic 
transmural left ventricular pressure. A single end-systolic 
volume-pressure relation described the measured values with 
and without positive end-expiratory pressure, demonstrating 
that positive end-expiratory pressure did not depress ven- 
tricular pumping function. However, diastolic filling pressure 
again increased at the same end-diastolic volume during 
positive end-expiratory pressure (compare Z1 and P2). Be- 
cause esophageal pressure was used to estimate pressure 
outside the heart and pericardium, this assumption was val- 
idated in a parallel study.?? Similar observations were made 
in eight patients with hypoxemic respiratory failure.?? Positive 
end-expiratory pressure (10 cm H50) reduced end-diastolic 
volume, stroke volume and end-systolic volume compared 
with corresponding values without positive end-expiratory 
pressure. Accordingly, positive end-expiratory pressure re- 
duces stroke volume and cardiac output in patients and in 
canine models of hypoxemic respiratory failure by reducing 
venous return and not by depressing ventricular function. 


Prediction of the effects of positive end-expiratory 
pressure on edema formation is complicated by the 
diverse effects of increased lung volume on intravas- 
cular and extravascular pressures of both alveolar and 
extra-alveolar vessels.?? In Table I, the ameunt of 
edema in the positive end-expiratory pressure group was 
not different from the control group.?! Others!4:15 re- 
ported that positive end-expiratory pressure increased 
pulmonary edema. The discrepancy between pulmonary 
edema and pulmonary shunt during positive end-ex- 
piratory pressure is indicated in Table I, where Qs/Qt 
decreased from 34 percent (control) to 9 percent (posi- 
tive end-expiratory pressure) despite no significant 
difference in the amount of edema.?! In dogs with oleic 
acid edema having positive end-expiratory pressure 
applied to one lung only, morphometric analysis of the 
histology revealed that positive énd-expiratory pressure 
reduced the fraction of flooded alveoli from 0.8 to 0.2.49 
Since the diameter of unflooded abveoli was twice that 
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of flooded units, the same amount of liquid filling lung 
units without positive end-expiratory pressure could be 
accommodated in a thin rim of lung units expanded 
with positive end-expiratory pressure. Accordingly, 
shunt decreased with no change in excess lung 
water. 

We conclude that there is little useful relation be- 
tween the amount of edema and lung oxygen exchange 
when positive end-expiratory pressure is used. Ac- 
cordingly, positive end-expiratory pressure is supportive 
therapy aimed at providing adequate arterial oxygen- 
ation on non-toxic inspired oxygen concentration. Be- 
cause positive end-expiratory pressure reduces cardiac 
output, increases edema, and causes barotrauma, it 
seems reasonable to use the least positive end-expira- 
tory pressure required to achieve the supportive goal. 


Therapeutic Goals 


The cardiovascular management of the patient de- 
scribed in the Introduction attempted to achieve the 
lowest pulmonary wedge pressure consistent with an 
adequate cardiac output. Central blood volume is re- 
duced by fluid restriction and diuresis. In other cases 
plasmapheresis and ultrafiltration have been used to 
achieve the same goal without diuretic drugs in order 
to preserve urinary output and composition as an early 
indicator of inadequate cardiac output. When cardiac 
output becomes insufficient, vasoactive drugs are used 
to return it to an adequate level while pulmonary wedge 
pressure is kept low. Packed red blood cells or other 
blood products are used to ensure adequate circulating 
hemoglobin and the lowest adequate circulating blood 
volume. Plasma or albumin infusions are not used to 
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reduce low pressure edema because they are ineffective 
and potentially increase edema by increasing pulmonary 
vascular pressures. Hypoxemia is treated with the least 
positive end-expiratory pressure providing 90 percent 
saturation of the adequate circulating hemoglobin 
during ventilation with nontoxic inspired oxygen con- 
centration. 

These therapeutic goals are not proposed as a recipe 
for cardiovascular management of hypoxemic respira- 
tory failure, and they may not be correct. Rather, they 
provide a working approach deduced from recent canine 
and clinical experimentation which simplifies the po- 
tential interactions outlined in Figure 2 by providing 
clear end points for each intervention. Obviously 
missing from this therapeutic rationale are clinical data 
demonstrating (1) reduced edema when pulmonary 
wedge pressure is reduced; (2) the incidence of com- 
plications of vasoactive drug therapy at low central 
blood volume; (3) the incidence of the proliferative or 
fibrotic complications of diffuse alveolar damage when 
the exudative phase is managed aggressively; and (4) 
whether this approach alters morbidity and mortality 
in acute hypoxemic respiratory failure. We hope the 
answers will be facilitated by clear statements of these 
and other questions, for the tools for investigation and 
the background understanding outlined in this Seminar 
are growing rapidly. Finally, we contend that the ther- 
apeutic approach described here transforms hemody- 
namic “monitoring” of critically ill patients into a 
questioning, problem-solving, goal-oriented rationale 
in which careful attention to sophisticated measure- 
ments confers advantage to the patient instead of sen- 
sory overload to the physician. 
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FUNCTION 


PULSE DURATION 
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DEPLETION 
INDICATIONS 
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DURATION 
WEIGHT 
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For more detailed specifications, see separate product catalog or operating instructions. 
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100 imp/min for new generator (test magnet © PROGRAMMER 600 Q) PROGRAMMER 600 (7 
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a few months after the test rate of 85 
imp/min has been passed 


Increases to 1.5 ms when basic rate drops 
by 20% 


48 g 
Unipolar plug-in socket, diameter 6 mm 





Programming unit for 668 generator 
features simple and straightforward 
operation, can also be used as 
pulse generator test magnet. 


Specifications subject to alteration without prior notice. ^ 
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A basic resource. Typical EKG findings in pacemaker EKG in- 
terpretation presented with necessary clinical information, case 
reports and drawings. Actual-size EKG illustrations derived from 
clinical practice. (Special ruler included.) The price is $35.00. 
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Illustration No. 40, 
"Different Pacemaker Types 
and Functions," page 64. 


Illustration No. 50, 
"Complications," page 96. 
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Now in book form...the latest 
Update Your Medicine lectures. 


CORNELL 
MEDICAL 
UPDATE /2 


Edited by LILA A. WALLIS, MD, FACP 











Helps you keep up with the 
new advances in your 
specialty in the comfort of. 
your home or office. 





All new material—specialties expanded. 


The workbook format of the CORNELL MEDICAL UPDATE/2 
breaks medical publishing traditions by giving practicing 
physicians a quick overview of the latest advances in their 
specialty. It transcribes the Update Your Medicine lectures 
sponsored by New York Hospital-Cornell Medical Center. 
These lectures are well-known for helping physicians prepare 
for Recertification despite the demands of a heavy practice 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 


Earn 25 Credits Towards AMA Physician’s Recognition Award. 
CORNELL MEDICAL UPDATE/2 has been approved for Category 1 
credit towards the AMA’s Physician’s Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 
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Yorke Medical Books, 666 5th Ave., N.Y., N.Y. 10103 AJC 4/81 


Please send me a copy of CORNELL MEDICAL UPDATE/2 at 
$38.00. | may use the book for 30 days and if not completely satis- 
fied, return it for full refund or credit. * 
Q Payment enclosed, publisher pays shipping. 
C] Charge my credit card: () MasterCard CJ Visa. 

Card No. Expire Date —— 


New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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CONGESTIVE HEART FAILURE: 
O TIME TO INTRODUCE 
VARIABLES. 
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If you wouldn't think of changing 
your brand of digitalis, shouldn't you 
think twice before switching from 
LASIX furosemide to a substitute? 


BRAND OF 


both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
mias.’ Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity." 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LASrx® brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients.*^^ 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LAsix*, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LASIx® that established 
the standard for furosemide performance. 
It is LAsIx* that is the subject of almost 
6,000 published papers. It is LASrx® that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LAsIX* that has a remarkable 
quality-control record— almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX® tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 


HOECHST-ROUSSEL 

PHARMACEUTICALS INCORPORATED 

SOMERVILLE, NEW JERSEY 08876 
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References: 1. Moe GK, Farah AE: Digitalis and allied cardiac glycosides, in Goodman LS and Gilman A (eds): The Pharmacological 
Basis of Therapeutics, ed 5. New York, Macmillan Publishing Co, 1970, pp 653-682. 2. Smith TW: Digitalis: Ions, inotropy and toxicity, 
editorial. N. Engl. J. Med. 299:545, 1978. 3. Rubinstein MH, Eastwood BA, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, 
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" & Specify LAsIX* brand of furosemide. To be sure the 
x patient receives only LASIX®*, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 





IN CONGESTIVE HEART FAILURE. 


LASIX 


FUROSEMIDE 


ONE LESS VARIABLE IN 
THE DIGITALIZED PATIENT 
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Lasix® (furosemide) 


A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 and 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful med- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may couse fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity 
Exercise care in patients receiving win doge. 
steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with hepatic cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive rena! disease. Observe 
patients regularly for possible blood dyscrasias, liver damage. 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Futosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appeors in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
ore pgrticularly important when the patient is vomiting exces- 
sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may exaggerate metabolic effects of 
hypokalemia, especially with reference to myocardial activity 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
Clearance and add a high risk of lithium toxicity. Diuretics such 
as furosemide may enhance the nephrotoxicity of cephaloridine 
Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
cient to preclude effectiveness of the pressor agent for therapeu- 
tic use 

It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin ievels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hyperensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
antihypertensive effect of Lasix (furosemifle) is achieved 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xonthopsia, blurred vision, tinnitus onc 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
Sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis 
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Is it too presumptuous 
to feature 
Prof. Einstein 


in a Pacesetter ad? 





We do not presume to compare ourselves 

to one of the greatest geniuses ever. Rather, 
we just wish to point out that, where Einstein 
led, we follow. ‘Imagination is more 
important than knowledge,” he once wrote. 
If there could be any single phrase that sums 
up the philosophy of Pacesetter, that one 
would do very well. Rather than produce 
what we can, then try to figure out how to 
market it, Pacesetter tries to find out what 

is needed, what is desirable. Then finds 
ways to create it. We think the good Doctor 
would have approved. 


Another reason we re called Pacesetter. 


YJ 


Pacesetter Systems, lac. 


12884 Bradley Avenue, Sylmar, California 91342 USA 
Telex: 698415 (Paceseter Sylm) 
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The arteriographic findings of neovascularity and fistula formation from 
the coronary arteries to the left atrium have occasionally been reported 
in association with atrial thrombosis in patients with mitral valve disease. 
To establish the diagnostic value of these findings, the preoperative 
coronary angiograms of 507 patients who underwent open mitral valve 
surgery were reviewed. Atrial thrombosis was present in 76 patients (14.9 
percent). In the 30 patients with angiographic neovascularity and fistula 
formation, the thrombi were always observed to arise from the circumflex 
coronary artery. None of these 30 patients had atherosclerotic coronary 
lesions. In 25 of these patients an atrial thrombus was found at opera- 
tion. 

These coronary arteriographic findings, in this selected group of pa- 
tients, had a predictive accuracy of 83.3 percent, a specificity of 98.8 
percent and a sensitivity of 32.8 percent for the diagnosis of the presence 
of thrombus in the left atrium. No relation was found between these signs 
and the size and histologic age of the thrombi examined. 


Marshall et al.! in 1965 demonstrated for the first time the presence of 
neovascularity and coronary-left atrial fistulas associated with acquired 
heart disease. He reported on “tumor vascularity” demonstrated during 
selective coronary angiography in a patient with unsuspected left atrial 
myxoma. Later King et al.? observed similar findings in a patient with 
mitral stenosis and severe coronary atherosclerosis. Although a large left 
atrial thrombus was found at operation, the presence of neovascularity 
was related not to the thrombus but to coronary artery disease. Standen? 
correlated this angiographic finding with the presence of an organized 
left atrial thrombus in a patient with mitral valve disease. 

Since these reports, a few similar cases have been described as isolated 
casual findings.^ 9 Our accidental observation of neovascularity and 
fistula formation in the course of coronary arteriography prompted us 
to review the records of all of our patients undergoing mitral valve sur- 
gery in an attempt to determine the incidence of these findings and their 
value in the diagnosis of left atrial thrombosis. 


Methods 


Study patients: Five hundred seven patients were selected who had a he- 
modynamic diagnosis of significant mitral disease and had undergone selective 
coronary arteriography 2 months before open mitral valve surgery. Coronary 
angiography had been performed because the patient either had angina or met 
the criteria of our protocol, which provides for this study in all postmenopausal 
women and men aged more than 40 years. A Bourassa catheter’ was introduced 
percutaneously into the femoral artery using the Seldinger technique. A Hiperlux 
amplifier (Compagnie Générale de Radiologie, Paris) was used with fields of 23, 
16 and 11 cm and with 31, 36 and 40 line pairs/cm of definition equivalent to a 
theoretical visualization of vessels of 0.016, 0.014 and 0.012 cm, respectively. 
Several coronary arterial injections of 76 percent sodium-meglumine diatrizoate 
(Urografin-Schering, España S.A., Madrid) were filmed through a Camaflex 
camera on 35 mm film (Valca F-22 or Agfa Scopix RP-1) at 50'to 100 frames/ 
s. 
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The surgical protocol of each patient was reviewed and 
Searched for the presence of left atrial thrombus. Histologic 
evaluation of the available thrombus was classified, according 
to the methods of Mitchell and Schwartz? and Salyer et al.,? 
in three stages: (1) an initial stage of platelet- and leukocyte- 
rich tissue; (2) an intermediate state of invasion by vascular 
channels and mesenchymal cells from the underlying endo- 
cardium; and (3) a late stage of collagen and elastic fiber for- 
mation. 

Definition of angiographic neovascularity and fistula 
formation: Neovascularity was defined as the presence, on 
coronary arteriography, of small vessels arising from the 
coronary arteries forming single or multiple vascular channels 
and pools. Coronary fistulas were identified when opacified 
blood was seen leaving the coronary-supplied lakes into the 
left atrium or its appendage. According to the density of 
contrast medium present in the left atrium three arbitrary 
grades were established (Fig. 1). 

Analysis of data: The angiographic findings on the pres- 
ence or absence of neovascularity and fistula formation in our 
selected series of patients with mitral valve disease were 
classified as follows: (1) True positive if the study was positive 
in the presence of atrial thrombus; (2) False positive when a 
positive result occurred in a patient without thrombus; (3) 
True negative when a negative study was found in a patient 
without thrombus; and (4) False negative if the study was 





FIGURE 1. Coronary angiograms showing the three 
different degrees of neovascularity and fistula for- 
mation. A, grade |; B, grade Il and C, grade Ill. In all 
cases arrows mark the new vessels arising from the 
corohary arteries. 


negative in the presence of thrombus. The diagnostic value 
of the study was defined as follows: 


Predictive accuracy 


True positives 


= yr 2——— X 100 
True positives + False positives 


Specificity = True negatives 
True negatives + False positives 


Sensitivity = n pep —X1 
True positives + False negatives 


Results 


Surgical findings: In 76 patients (14.9 percent) a left 
atrial thrombus was found at surgery. The clinical data 
of these patients are summarized in Table I. 

Coronary angiography: The angiographic study of 
the 507 patients with mitral valve disease revealed right 
coronary predominance in 87 percent, left coronary 
predominance in 8 percent and a balanced coronary 
circulation in the remaining 5 percent. Significant cor- 
onary atherosclerotic lesions—that is, stenoses equal 
to or greater than 50 percent of luminal diameter— were 
found in 33 patients (6.5 percent). 


TABLE | 


Clinical Data in 76 Patients With Mitral Valve Disease and 
Atrial Thrombus 





Age (yr) 

Mean + standard deviation 5045 

Range 41-62 
Sex (women/men) 44/32 
Functional class '° 

| 1 

II 19 

I 42 

IV 14 
Systemic embolism 31 (4196) 
Previous mitral valve surgery 3 (496) 
Rhythm 

Sinus rhythm 1 

Atrial fibrillation 75 (9996) 
Mitral valve disease 

Mitral stenosis 25 (4696) 

Mixed mitral valve disease 41 (5496) 
Calcification 

Valve 30 (3996) 

Atrial wall 18 (24%) 


Signs of neovascularity and fistulas were angio- 
graphically visualized in 30 patients (5.9 percent); these 
always arose from the circumflex coronary artery. In 28 
instances the origin of these vessels was from the 
proximal trunk, in 2 from the distal vessel and in 5 they 
arose from an atrial branch of the circumflex artery. 
Eleven cases were classified as grade I, 10 as grade II and 
9 as grade III. When relating these angiographic findings 
to the operative description, it was observed that an 
atrial thrombus was present in 25 of the 30 cases. In this 
group, no patient had coronary arterial stenosis. 

Pathology: The dimensions of 55 of the 76 thrombi 
obtained at surgery could be calculated. The average 
size of the 18 available thrombi associated with angio- 
graphic neovascularity was 5 by 5 by 3 compared with 
6 by 5 by 3 cm in 37 thrombi without this sign. 

The density of contrast medium appearing in the left 
atrium was related to thrombus size. The average 
thrombus size was 4 by 4 by 3 cm in seven grade I cases, 
6 by 5 by 3 cm in the six grade II cases and 5 by 4 by 3 cm 
in the five grade III cases. These data show that there 
was no significant difference among groups. 

Histologic examination of the thrombotic material 
in the 18 cases with angiographic neovascularity showed 
that 4 thrombi (21 percent) were at an early stage of 


FIGURE 2. Flow diagram showing the diagnostic value 
of the presence of neovascularity and fistula formation 
in patients with mitral valve disease and atrial 
thrombus. 
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organization, 10 (57 percent) at an intermediate and 4 
(21 percent) at a late stage. In the cases without neó- 
vascularity, 12 (32 percent) were at an early stage of 
organization, 13 (36 percent) at an intermediate and 12 
(32 percent) at a late stage. 


Diagnostic value: In 25 cases presenting angio- — 


graphic neovascularity an atrial thrombus was described 


at operation and the angiographic findings were clas- | 
sified as true positive. In 426 cases, the absence of an- — 
giographic neovascularity was associated with the ab- © 


sence of atrial thrombus and the study was classified as 
true negative. In five cases the findings were considered 


false positive because of the absence of thrombus in the 


presence of angiographic neovascularity. In the re- 
maining 51 cases the study was classified as false neg- 
ative because a surgical description of atrial thrombosis 
was not preceded by angiographic findings of neovas- 


cularity. These data show a predictive accuracy of | 


83.3 percent for this sign in the diagnosis of intra- 
atrial thrombosis in our selected group of patients with 
mitral valve disease and a specificity of 98.8 percent. 





; 
| 
j 
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However, the sensitivity of the method is 32.8 percent 


(Fig. 2). 


Discussion 


Diagnosis: Angiographic demonstration of abnormal 
vessels arising from the coronary arteries has been re- 
ported as an isolated congenital cardiac anomaly,!!-?9 
concomitant with cardiac tumors,?'?? especially myx- 
omasL?9?4^ associated with coronary atherosclerotic 


lesions,'®.?°-?8 and has recently been related to the - 
presence of an organized left atrial thrombus.*° The low _ 


incidence rate of congenital coronary fistulas and the 
small proportion of them that drain into the left 
atrium!!-20 make the association with mitral valve 
disease exceptional. Moreover, the angiographic pattern 
of these congenital fistulas on high speed filming, with 
direct drainage into the atrial chamber and absence of 
lake-like spaces, permits a very clear differentiation 
from the fistulas described herein.® 

Only one of our patients with mitral stenosis was 
found to have a possible congenital fistula. This patient 
had sinus rhythm and no evidence of atrial thrombus 
was found at operation. There was a single vessel fistula 
draining directly into the left atrium. This case was 
included as an instance of a false positive study, al- 
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though one could argue for its exclusion of a case of ac- 
quired fistula. 

The distinction between neovascularity and fistulas 
in (1) mitral valve disease and atrial thrombosis and 
(2) in atrial myxoma is more difficult.4 Although the 
angiographic characteristics are similar in both condi- 
tions, most of the neovascularity associated with atrial 
thrombosis arises from the left coronary artery, whereas 
in cases associated with atrial myxoma the right coro- 
nary arterial origin is predominant. In our present series 
all neovascularity arose from the left coronary artery. 
Moreover, å single origin from the left side has been 
reported in all studies to date except that of Soulen et 
al.,* who described three of six cases arising from both 
main coronary arteries. In our limited experience with 
atrial myxoma, a fistula was observed in one case arising 
from the right coronary artery, as in the case described 
by Marshall et al.! However, in three other reported 
cases???4 fistulas arose from both main coronary arte- 
ries. Furthermore, the positional changes at the time of 
coronary angiography can also suggest the diagnosis of 
its tumor origin.?4 

The atherosclerotic origin of neovascularit y? can, in 
most cases, be excluded by the absence of anatomic 
coronary lesions in the angiograms. Its association with 
coronary artery disease has been related to shunts 
opened to local cardiac veins,?»?" but with a different 
angiographic pattern from the one described here. This 
coronary anomaly has also been seen in left ventricular 
thrombus after myocardial infarction?9?8 with an an- 
giographic appearance similar to that of atrial throm- 


. bosis, but draining in to the ventricular cavity. 


Pathology: We and others? found no relation be- 
tween the macroscopic size of the thrombus and the 
angiographic grade of neovascularity. The latter's 
presence can probably be attributed to the local in- 
flammatory reaction responsible for the effort to reab- 
sorb the thrombus. The fistula formation in the left 
atrium may be the result of partial necrosis of the 
thrombus, which allows the angiographic contrast me- 
dium to pass into this cavity.? 

We agree with Cipriano and Guthaner? that these 
coronary anomalies are angiographically observed 
mainly in the narrow area of implantation of the 
thrombus to the atrial wall. This also could explain the 
presence of neovascularity and fistulas without appar- 


bolization has occurred the remaining fibrous tissue can 
still have a sufficient amount of these peculiar blood 
vessels to be angiographically visualized. In fact, one of 
our cases seems to confirm this hypothesis because a 
fibrotic area with vascular proliferation was found at 
microscopic examination of the atrial appendage. 

Although the histologic intermediate stage would be 
the most appropriate period for visualization of neo- 
vascularity, as demonstrated by postmortem microra- 
diography,?? the angiographic results might depend on 
the area of the specimen studied since different stages 
of organization can be found in the same thrombus. 
Conversely, 36 percent of thrombi at the intermediate 
stage did not show neovascularity during coronary an- 
giography, indicating that these new vessels might not 
originate exclusively from the coronary arteries but can 
result from an internal “in situ" development. 

Diagnostic value: Very few cases have been pub- 
lished relating this coronary anomaly with atrial 
thrombosis. Our experience shows that this sign is more 
frequent than previously thought?-9 and that the as- 
sociation of neovascularity and atrial thrombosis is not 
constant. In four of our patients neovascularity was 
found without thrombus. These patients can be in- 
cluded in a group with a higher risk of thromboembo- 
lism since three of the four patients with a noncongen- 
ital fistula had clinical evidence of thromboembolic 
phenomena shortly before cardiac catheterization. 

The sensitivity of this sign must be directly related 
to the quality of the angiographic image. In our retro- 
spective large series with angiograms of acceptable 
quality, 33 percent of the thrombi were associated with 
neovascularization. 

We consider this sign as only complementary in the 
diagnosis of atrial thrombosis, and therefore the indi- 
cation for coronary angiography remains screening for. 
ischemic heart disease. However, the occasional patient 
with a doubtful surgical indication for embolic episodes 
might benefit from this technique. 


Addendum 


Since the submission of this manuscript two addi- 
tional patients were observed to have neovascularity 
and fistula formation arising from the circumflex and 
right coronary arteries. In both cases an atrial thrombus 


ent thrombosis. It could be presumed that once em- was found at operation. 4 
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A patient with angina pectoris, myocardial bridging of the left anterior 
descending coronary artery and otherwise normal coronary arteries is 
presented. Regional myocardial blood flow was studied with the ther- 
modilution technique. Atrial pacing of the heart at a rate of over 140/min 
reproduced the anginal syndrome, with S-T segment depression in the 
electrocardiogram. There was a transient decrease in great cardiac vein 
flow during rapid pacing with a simultaneous increase in total coronary 
sinus flow. The study demonstrates that in this patient, a myocardial bridge 
was associated with decreased blood flow to the area perfused by the 
bridged artery with a concomitant increase in coronary sinus flow as the 
pacing rate was increased from 96 to 150 and 180/min. 

After administration of nitroglycerin, the bridging effect was more ac- 
centuated on angiography; pacing-induced tachycardia was associated 
with similar changes in great cardiac vein and coronary sinus flows with 
less S-T segment depression in the electrocardiogram and chest pain of 
milder intensity. 


The intramural course of segments of the epicardial coronary arteries 
has been recognized since 1922! and the anatomic, pathologic and 
angiographic aspects of this condition have been extensively de- 
scribed.?-6 

Recent reports have suggested that myocardial bridging of the coro- 
nary arteries may be associated with myocardial ischemia,” and surgical 
therapy has been suggested for selected patients.?!° 

We present a patient with myocardial bridging of the left anterior 
descending coronary artery, in whom pacing-induced tachycardia pro- 
duced regional left ventricular hypoperfusion in the area perfused by 
the left anterior descending coronary artery. 


Case Report 


The patient, a 54 year old truck driver, has had a history of angina on effort 
since 1973. Coronary arteriography in 1974 was reported to show no obstructive 
disease. The patient has continued to complain of angina pectoris described as 
brief episodes of substernal pressure radiating to the neck and the left arm, as- 
sociated with slight shortness of breath and precipitated by exertion only. It is 
relieved by rest within a few minutes. Administration of nitroglycerin has not 
been tried. There is no history of prolonged pain. There is no pain at rest. Because 
of the patient's continuing symptoms and inability to conduct his usual activities, 
he was referred for a second evaluation. 

Clinical findings: On physical examination blood pressure was 115/76 mm 
Hg in both arms and the pulse rate 72/min and regular. The point of maximal 
cardiac impulse was at the fifth left intercostal space and mid clavicular line. 
The heart sounds were normal, and there was no gallop or murmur. 

Laboratory data including complete blood count, urinary analysis and com- 
plete chemical profile were normal. 'The electrocardiógram was normal (Fig. 1). 
Treadmill exercise testing was performed with monitoring of lead V5. S-T de- 
pression of 1.5 mm was demonstrated at a heart rate o£ 140 beats/min at the 
second stage of exercise. The patient complained of chest pain and the test was 
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terminated. The S-T segment returned to the baseline within 
1.5 minutes. An echocardiogram revealed no left ventricular 
hypertrophy, with normal dimensions for the aortic root, left 
atrium and left ventricle. The mitral and aortic valves ap- 
peared normal. 

Cardiac catheterization revealed a left ventricular pressure 
of 110/12 mm Hg, an aortic pressure of 110/78 mm Hg and an 
ejection fraction of 72 percent. The left ventricle had a uni- 
form pattern of contraction with no regional abnormalities. 
The coronary arteries revealed no obstructive disease. The 
mid third of the left anterior descending coronary artery was 
intramyocardial with an estimated 60 percent narrowing 
during systole, which increased to 80 percent after adminis- 
tration of sublingual nitroglycerin, 0.6 mg. 

Myocardial blood flow studies: After informed consent 
the patient was returned to the catheterization laboratory for 
myocardial blood flow studies. A multithermistor regional flow 
catheter (Wilton-Webster) was inserted through the left an- 
tecubital vein into the coronary sinus and its tip advanced into 
the great cardiac vein under image intensification fluoroscopy. 
Coronasy flow was determined by the continuous thermodi- 





The results are shown in Table I. When the heart was paced 


at a rate of 96/min there was a slight increase in both the great - 


cardiac vein (from 34 to 44 ml/min) and coronary sinus flows 
(from 99 to 105 ml/min). With pacing at 150/min, there was 
a significant decrease in great cardiac vein flow (from 44 to 27 
ml/min) with a concomitant increase in coronary sinus flow 
(from 105 to 128 ml/min); at this point the patient complained 
of chest pain identical to the anginal syndrome elicited by 
exercise. The electrocardiogram showed 1 mm horizontal S-T 
depression (Fig. 2, upper panel). Great cardiac vein flow 
quickly returned to the prepacing level (45 ml/min) in spite 


TABLE | 


Coronary Blood Flow Before and After Nitroglycerin During 
Cardiac Pacing and at Rest Before and After Pacing 





Coronary Blood Flow (ml/min) 


Pacing Rates (per min) 














lution technique of Ganz et al.!! Reproducibility of coronary Rest 96 150 180 Rest 
sinus flow measurements has been analyzed previously in our A. Before Nitroglycerin 

laboratory; the coefficient of variation was 7.1 percent (in 25 

patients). With the multithermistor catheter, simultaneous — 34 ig: oe 45 ai a p 34 
flow from the great cardiac vein and the coronary sinus are ves TS 

recorded.!? The great cardiac vein drains principally the ter- Coronary 99 105 128 193 102 
ritory perfused by the left anterior descending coronary artery sinus Pa —244 

and the coronary sinus drains most of the left ventricular ve- B. After'Nitroglycerin 

nous efflux.!?4 Catheter position was verified by injection 

of 2 ml of Renografin® 76 percent (meglumine diatrizoate). — 9B; 26 39 "i 47 " ad 36 
Coronary sinus and great cardiac vein flows were recorded in veh T — 34 

the resting state and then at paced heart rates of 96, 150 and Coronary 113 92 123 116 90 
180/min. The heart was*paced through electrodes located sinus — 245 —146 —196 

in the thermodilution catheter itself. T'hese measurements — 108 ' 


were repeated three times with 10 minute intervals in 
between. 





Arrows represent transient changes in blood flow within each period 
at rest or during pacing. 
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of continuing chest pain and S- T depression. Subsequently, 
the pacing rate was increased to 180/min. Great cardiac vein 
flow again decreased significantly (from 45 to 23 ml/min), 
returning to the prepacing level (47 ml/min) in 35 seconds 
(Fig. 3) in spite of continuing chest pain and S-T segment 
depression (Fig. 2, upper panel). The total coronary sinus flow 
increased with pacing at 180/min (from 128 to 193 ml/min), 
while the great cardiac vein flow diminished. With the return 
of the great cardiac vein flow to baseline, the coronary sinus 
flow had a further increase to 244 ml/min (Fig. 3). On cessation 
of pacing, both flows returned to control levels, the electro- 
cardiogram returned to baseline and the pain was relieved. 

After an interval of 10 minutes, sublingual nitroglycerin, 
0.6 mg, was administered. 'The heart rate increased from 81 
to 86 beats/min and no change in blood pressure was noted. 
The great cardiac vein flow decreased from 39 to 16 ml/min 
and the coronary sinus flow increased from 113 to 245 ml/min 
for a period of approximately 80 seconds. Flows then returned 
to baseline levels. At this point, the heart was paced at 96, 150 
and 180/min, respectively (Table IB). Flow changes were 
similar to those observed without nitroglycerin. Chest pain 
was again elicited, although it was of milder intensity, and was 
accompanied by S-T depression, which also seemed to be less 
pronounced (Fig. 2, lower panel). 

'The patient underwent exercise thallium perfusion imaging, 
which revealed uniform perfusion without perfusion defects. 
Thallium was injected at 8 minutes of exercise. The patient 
was discharged on propranolol therapy and has reported 
symptomatic improvement. 


Discussion 


Myocardial bridging of a coronary artery is produced 
by bands of histologically normal myocardial muscle 
overlying a segment of the coronary artery. It was first 
reported by Crainicianu! and later described in detail 
by Geiringer.? The latter concluded that intramyocar- 
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FIGURE 2. Electrocardiogram (lead V5) at rest 
and during coronary sinus pacing. Upper 
panel, before nitroglycerin; no S-T segment 
depression at a pacing rate of 96/min, 1 mm 
depression at a rate of 150/min and 2 mm 
downsloping depression at a rate of 180/min. 
Lower panel, after nitroglycerin; 0.6 mm S-T 
depression at 150/min and 1.5 mm at 180/ 
min. 


dial segments of the coronary arteries are usually pro- 
tected from arteriosclerotic changes. This concept has 
generally been accepted, although work by Edwards et 
al.!^? suggested no difference between intramural and 
extramural arteriosclerosis. Myocardial bridging is 
thought to be congenital and has been reported in au- 
topsy studies with an incidence rate of 5.4 to 85.7 per- 
cent.1?!6 Experimental counterparts of myocardial 
bridging have been reported.?!7?!5 Angiographically, 
myocardial bridging of a coronary artery is demon- 
strated by dynamic occlusion of a segment of the artery 
limited to systole; during diastole this segment of the 
artery returns to a normal diameter. The angiographic 
appearance of bridging worsens after the administration 
of nitroglycerin.^1? 

Clinical significance: The clinical significance of 
myocardial bridging remains controversial. Emphasis 
has mainly been directed toward differentiation of the 
finding from that of organic fixed lesions, for proper 
surgical recommendations. Recently evidence has been 
accumulating that myocardial bridging may be associ- 
ated with ischemia; Noble et al.’ showed S- T segment 
depression and lactate production during atrial pacing 
in four of five patients with more than 75 percent sys- 
tolic narrowing of the coronary arteries. Similar obser- 
vations were less common in patients with lesser degrees 
of systolic narrowing of these arteries. Raizner? and 
Falicov!? and their co-workers observed that patients 
with significant myocardial bridging may manifest ex- 
ercise-induced myocardial perfusion defects on thallium 
scintigraphy. Supporting the evidence that myocardial 
bridging produces myocardial ischemia is the fact that 
surgical relief of the bridge, with or without additional 


FIGURE 3. Changes in coronary flow as pacing rate in- 
creases from 150 to 180/min. The first tracing is the 


IBO bpm ME ET electrocardiogram (ECG). The second tracing shows the 
a ey a are i ME ee le AL PRUNUS indicator temperature (no change is seen). The third 
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tracing shows the great cardiac vein flow: it decreases 
when pacing at 180/min starts (arrow), and returns to 
prior level while pacing continues. The fourth tracing 
shows the coronary sinus flow: it increases with pacing 
at 180/min, with a further increase when great cardiac 
vein flow returns to baseline level. Note that a decrease 
in flow is seen as a rise tn the flow tracing and vice 
versa. 


coronary bypass, has produced amelioration of symp- 
toms, with disappearance of previously abnormal ex- 
ercise electrocardiograms and myocardial perfusion 
defects on thallium imaging.?:29 

Effect of myocardial bridging on coronary blood 
flow: production of myocardial ischemia: In our 
study, the effects of myocardial bridging of the left an- 
terior descending coronary artery on coronary flow were 
analyzed. We determined flows simultaneously i in the 
great cardiac vein and in the coronary sinus using the 
thermodilution technique.!!:!2 The great cardiac vein 
carries the venous outflow of the area perfused by the 
left anterior descending coronary artery and the coro- 
nary sinus drains most of the left ventricle.!4 We were 
able to document a selective decrease in regional myo- 
cardial blood flow during pacing-induced tachycardia 
in the area perfused by the coronary artery with the 
myocardial bridge. At a pacing rate of 96/min, flow in 
both the great cardiac vein and coronary sinus increased 
slightly, probably in response to increased oxygen de- 
mand. When the heart was paced at rates of 150 and 
180/min, a transient but significant decrease in great 
cardiac vein flow was observed with concomitant in- 
crease in total coronary sinus flow. The increase in 
coronary sinus outflow was probably related to the in- 
creased total myocardial blood flow in spite of the re- 
gional decreased flow in the area of the left anterior 
descending coronary artery. 

During tachycardia, diastole shortens more than 
systole, so the heart spends more time in systole than 
in diastole.?! With increasing heart rates, there is a 
progressive decrease in stroke diastolic coronary flow, 
but the stroke systolic coronary flow is maintained.?? 
In patients with myocardial bridging, as the artery is 
significantly narrowed during systole, an appropriate 
increase in flow during tachycardia may not be possible 
in that artery. This was observed in our patient: Pac- 
ing-induced tachycardia was associated with a decrease 
in great cardiac vein flow, chest pain and S- T segment 
depression. _ 

Of interest, the decrease in regional blood flow in the 
area perfused by the artery with myocardial bridging 
did not persist throughout each pacing period and 
gradually returned to prepacing levels in spite of con- 
tinuing chest pain and S- T segment depression. There 
are several possible explanations for this phenomenon: 
(1) Myocardial ischemia is followed by metabolic 
vasodilation of the resistive vessels with significant 
decrease in vessel conductance and increase in flow in 
spite of the continuing systolic obstruction at the level 
of the bridge; and (2) myocardial ischemia might be 
associated with regional left ventricular dysfunction 
which might lessen the degree of systolic narrowing of 
the intramyocardial segment of the coronary artery. (3) 
It is also possible that both these mechanisms, or others, 
are involved. 

The prompt return of the great cardiac vein flow to 
baseline value during each period of rapid pacing could 
explain the normal thallium perfusion test. It is known 
that a brief period of ischemia (early restoration of flow 
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after ischemia) or reactive hyperemia after ischemia 
may mask a period of focal ischemia at the time of 
thallium injection, giving a false normal finding on 
myocardial perfusion imaging.???4 The persistence of 
S-T segment depression and precordial pain in spite of 
the return of the great cardiac vein flow to baseline value 
may be related to abnormal redistribution of flow, with 
areas (such as the subendocardium) still being under- 
perfused. At present, distribution of flow in the several 
layers of the myocardium cannot be measured directly 
in human subjects. 

Krawcyzk et al.!? have developed an experimental 
model of a myocardial bridge by producing systolic oc- 
clusion of the left circumflex artery with a pneumatic 
occluder. When occlusion was confined to systole, au- 
toregulation compensated during diastole so that total 
cycle myocardial flow remained normal at pacing rates 
of 75 to 140/min. Nevertheless, when the occlusion ex- 
tended into the first 10 to 15 percent of diastole, auto- 
regulation was incomplete and a flow debt of 40 percent 
was generated. A similar mechanism—that is, incom- 
plete diastolic relaxation of the intramyocardial seg- 
ment of a coronary artery—could occur in human 
beings, and could be related to the production of isch- 
emia. 

Role of nitroglycerin: The role of nitroglycerin in 
myocardial bridging has not been clarified. An accen- 
tuation of the angiographic phenomenon of systolic 
narrowing is well known,*!9 although its mechanism 
is not well defined. In this study we demonstrated a 
transient (80 seconds) decrease in the great cardiac vein 
flow (16 ml/min) with an increase of coronary sinus flow 
(245 ml/min) after the sublingual administration of 0.6 
mg of nitroglycerin; both flows quickly returned to 
control levels. When pacing-induced tachycardia was 
studied after the administration of nitroglycerin, the 
changes in regional blood flow were not significantly 
different from those without nitroglycerin, except for 
a lower total coronary sinus flow at a pacing rate of 
180/min. Sublingual nitroglycerin is known to decrease 
coronary flow in patients with coronary disease, as the 
indexes of myocardial oxygen consumption are lowered 
after its administration.”° In our patient, pacing-in- 
duced tachycardia at rates of 150 and 180/min were 
associated with less S-T segment depression and with 
chest pain of less intensity than that before nitroglyc- 
erin, in spite of similar changes in regional coronary 
flow; this finding suggests that the effect of nitroglycerin 
on myocardial oxygen consumption predominated over 
the effects of tachycardia on flow through the bridged 
artery. 

Role of left ventricular hypertrophy in patients 
with myocardial bridging of the coronary arteries: 
Myocardial bridging is most commonly found in pa- 
tients with left ventricular'hypertrophy.^ In these pa- 
tients, resting coronary blood flow is increased, with 
partial utilization of the coronary vascular reserve.?9.?7 
During tachycardia, ischemia may occur if coronary flow 
cannot increase appropriately. In addition, these pa- 
tients may have abnormal or delayed relaxation of the 
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intramyocardial segment of the coronary arteries during 
diastole, further impeding the compensatory increase 
in diastolic flow. 

Clinical implications: The implication of this case 
report is that tachycardia is associated with a transient 
decrease in coronary flow in the bridged coronary artery 
and that chest pain and S- T segment depression are its 
clinical manifestations. Therapy that could prevent the 
normal heart rate response to stress or exercise would 
seem appropriate in this patient. The use of nitrates in 


this condition could not be clarified by the present study 
and requires further investigation. The findings in this 
case need to be demonstrated in a series of patients 
before definite conclusions are presented. 
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drug for this use. There is concern that any 
agent which increases contractile force and 
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10 mil of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Drug Delivery Infusion Delivery Rate 


Rate 250 mcg/mi* 500 mcg/mit 1000 mcg/mlz 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 


2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


* 250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
+1000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concerftrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 


Additional informgtion available to 
Litty the profession on request. 

Eli Lilly and Company 

indianapolis, Indiana 46206 
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In Optimal Design & Performance 





Comprehensive Multi-Programmability 
7 programmable parameters 
over* 30,000 program combinations 


Long-Life Pacing 


new high density power source 


Ultra-Thin, Elliptical Shape 


9 mm thin for maximum patient comfort 


High Energy Capability 


achieve capture in high threshold situations 


Threshold Measuring Mode 


easy determination of stimulation threshold 
€ 


- * 
Submission Awaiting FDA Approval 


Alpha 
Stimulation 


Central Control of 
Blood Pressure" 





e Alpha 
Advantage: 


It’s for all kinds of hypertensives 


e Unlike beta blockers, Catapres' has no contraindications. 
e Catapres can be useful even in these patients with: 


Congestive heart failure Allergic rhinitis 

Ventricular hypertrophy Hepatic disease 
Hyperglycemia Hyperuricemia 

Diabetes mellitus Gouty arthritis 

Bronchial asthma Sulfonamide hypersensitivity 


Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


work/play — normal hemodynamic responses to exercise maintained. 


love —Iow incidence of impotence and/or loss of libido: 
2.8% in 1,923 patients studied. ' 


cardiac output- tends to return to control values during long-term therapy. 
blood flow— preserved in kidney. 
No Single Advantage Determines Drug Choice. 
Other factors must include: 


The drug's effectiveness in a given patient, its 
side effects, warnings, precautions, tolerance, 
etc. A rational therapeutic choice depends on a 
careful assessment of all such factors. 


*Central alpha-adrenergic stimulation decreases sympathetic outflow from 
the brain. as shown in animal studies 


4. Data on file at Boehringer Ingelheim Ltd. 


Bor E i Teen see last page for brief summary, including 
BE precautions, and adverse reactions. 
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Advantage: 7 


It's for all kinds 
of hypertensives 


Tablets of 0.1, 0.2, 0.3 mg 


OF: e (2 


Clonidine HCI) 
Hypertension 


e No contraindications. 


e Effective in all degrees of hypertension. It is mild to 
moderate in potency. 


e Low incidence of depression, impotence, orthostatic 
hypotension— no fatal hepatotoxicity. 


e Preserves kidney blood flow. 


Most common side effects are dry mouth, drowsiness, 
and sedation which generally tend to diminish with time. 


Catapres® 
(clonidine hydrochloride) 


Tablets of 0.1. 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in 
potency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevaluation 
of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the 
dose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and 
associated subjective symptorhs such as nervousness, agitation, and headache. 
Patients should be instructed not to discontinue therapy without consulting their 
physician. Rare instances of hypertensive encephalopathy and death have been 
recorded after cessation of clonidine hydrochloride therapy. A causal relationship 
has not been established in these cases. It has been demonstrated that an 
excessive rise in blood pressure, should it occur, can be reversed by resumption of 
clonidine hydrochloride therapy or by intravenous phentolamine. Patients who 
engage in potentially hazardous activities, such as operating machinery or driving, 
should be advised of the sedative effect. This drug may enhance the CNS- 
depressive effects of alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride should be used with 
caution in patients with severe coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except 
for some dryness of the eyes, no drug-related abnormal ophthalmologic findings 
have been recorded with Catapres (clonidine hydrochloride), in several studies 
the drug produced a dose-dependent increase in the incidence and severity of 
' . 
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The usual starting dose of Catapres is 0.1 mg at break- 
fast and 0.1 mg at bedtime. Some patients may benefit 
from a starting dose of 0.1 mg at bedtime. 


Usual daily dose range—0.2 — 0.8 mg 


Maximum daily dose—2.4 mg 
Doses as high as this have rarely been employed. 


For optimal results, the dose of Catapres must be 
adjusted according to the patient's individual blood 
pressure response. 


spontaneously occurring retinal degeneration in albino rats treated for 6 month: 
longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness e 
sedation. Constipation, dizziness, headache, and fatigue have been report 
Generally these effects tend to diminish with continued therapy. The follow 
reactions have been associated with the drug, some of them rarely. (In so 
instances an exact causal relationship has not been established.) These inclu 
Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnormalitie: 
liver function tests; one report of possible drug-induced hepatitis without icte 
and hyperbilirubinemia in a patient receiving clonidine hydeochloride, ch 
thalidone and papaverine hydrochloride. Weight gain, transient elevation of blc 
glucose, or serum creatine phosphokinase: congestive heart failure, Raynat 
phenomenon; vivid dreams or nightmares, insomnia, other behavioral chang 
nervousness, restlessness, anxiety and mental depression. Also rash, 
gioneurotic edema, hives, urticaria, thinning of the hair, pruritus not associa 
with a rash, impotence, urinary retention, increased sensitivity to alcohol, dryne 
itching or burning of the eyes, dryness of the nasal mucosa, pallor, gynecomas 
weakly positive Coombs' test, asymptomatic electrocardiographic abnormalit 
manifested as Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
sent reflexes and vomiting followed the accidental ingestion of Catapres (clonic 
hydrochloride) by several children from 19 months to 5 years of age. Gas 
lavage and administration of an analeptic and vasopressor led to complete 
covery within 24 hours. Tolazoline in intravenous doses of 10 mg at 30-mir 
intervals usually abolishes all effects of Catapres, (clonidine hydrochloride) o 
dosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
(tan) and 0.2 mg (orange) oval, single-scoréd tablets in bottles of 100 and 1000. A 
available as 0.3 mg (peach) oval, single-scored tablets in bottles of 100. 

For complete details, please see full prescribing information. 

Under license from Boehringer Ingelheim Gmt®! w 
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monitorized analogical 
digital three-channel 
polygraph which 
memorizes, computes and 
prints out all necessary 
information relating to 
electrocardiogram tests 
while leaving diagnostic 
decisions entirely to the 
doctor. 


20060 S. Pedrino di Vignate 
Milano - Italy I 

@ (02) 95.61.68 - 95.61.84 - 95.60.41 
Telex: 334406 - OCMER - | 
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Good guess for a layman. But to you these are the enemy. 


They are Cytomegalovirus gastritis (A) Disseminated coccidi- 
oidomycosis (B) and Strongyloides stercoralis filariform larva 
(C) . . . infections which demand special care when they strike 
patients with pre-existing illnesses and deficiencies. They are 
among the many discussed in . . . 










. Edited by Michael H. Grieco, M.D. 
_ Text by 47 Specialists. Illustrated with 147 
. Drawings and Photos, 78 in Full Color 





. Now at your fingertips . . . for instant reference . . . for reward- 

ing Md; . . . the knowledge of world-renowned specialists to 
. help you understand, diagnose, and manage infections which 
attack patients under treatment for 


. * Diabetes 

. * Alcoholism 

* Cancer 

. * Drug Addiction 

* Rheumatic Disease 


* Uremia 

* Pulmonary Disease 

* Hepatic Insufficiency 

* Allograft Transplantation, 
etc., etc. 


. Infections in the Abnormal Host brings together in one giant 
. encyclopedic volume, over 1,000 pages, the guidance of a spe- 
cialist team whose collaboration began in the 1960's. In 36 
revealing chapters they review the mechanics of host defenses 
__...the various underlying disorders and the latest treatments 
.. by chemotherapy, management of agranulocytosis, immuno- 
. logical reconstitution, passive and active immunotherapy, and 
= immunostimulation. 


_ A detailed indexing system gives you instant access to every 

. diagnostic procedure, every treatment in the book. Study the 

. entire book and you will gain priceless knowledge of an im- 

. portant and complex field. Consult it as the need arises, and it 

. will help you understand, diagnose, and manage the many in- 

ES tons which strike patients whose defense mechanisms are 
own. 


Try this important 
new reference book 
30 days free 


. 
An essential manual for practitioners...a long- 
needed text for students. Over 1,000 pages. 
7"x 10". Clothbound. 147 illustrations including 
78 full-color photos. Completely indexed. 
$65.00, plus shipping. 





Yorke Medical, publishers of THE AMERICAN JOURNAL OF MEDICINE, 
THE AMERICAN JOURNAL OF CARDIOLOGY, THE AMERICAN JOUR. 
NAL OF SURGERY, CUTIS, MODERN DRUG ENCYCLOPEDIA 


A116 «+ 








by Jackson Pollock? 





Check this list of chapters 


PARTI HOST DEFENSES 


* Introduction to the Abnormal Host and Complicating Infections * The Neutro- 
n in Host Defense: Congenital, Acquired and Drug-induced Abnormalities e 

e Complement System in Human Disease * Structure and Function of Immu- 
noglobulins + Human Lymphocyte Subpopulations: Surface, Intracellular, En- 
zymatic Markers and Functions * Congenital and Acquired Primary Disorders of 
B and T Lymphocyte Function * Drug-induced B and T Lymphocyte and Mono- 
cyte Dysfunction * Cutaneous, Pulmonary, Gastrointestinal and Genitourinary 
Defense Mechanisms and Relationship to Nosocomial Infections * The Effects 
of Malnutrition on Host Responses and the Metabolic Sequelae of Infections « 
Humoral and Cellular Responses to Infection 


PARTII INFECTIONS ASSOCIATED WITH THE 
ABNORMAL HOST 


* Pyogenic Bacterial Infections * Higher Bacterial and Fungal Infections « Myco- 
bacterial Infections * Viral and Chlamydial Infections * Protozoal and Helmin- 
thic Infections * Infections Complicating the Transfusion of Blood, Blood Prod- 
ucts, Animal re and Animal Products * Infections Complicating the Alco- 
holic Host * Infections in Parenteral Narcotic and Drug Abusers * Infections 
Complicating Uremia and Organ Transplantation * Infections in Patients with 
Neoplastic Diseases * Infections Complicating Diabetes Mellitus e Diagnosis 
and T reatment of Diffuse Pneumonias * Host Deficiency States and Central Ner- 
vous System Infections * Genitourinary Infections * Infections Complicating the 
Rheumatic Diseases * Endovascular and Prosthetic Implant Infections * Intra- 
ocular Manifestations of Systemic Infections ¢ Selected Histopathologic Re- 

nses * The desi id Laboratory in Diagnosis and Therapy * Infections 

omplicating Surgical or Functional Splenectomy and Gastrectomy 


PART III MANAGEMENT 


* Antimicrobial Therapy in the Compromised Host: Resistance, Pharmacology 
and Toxicity * Chemotherapy for Viral and Chlamydial Infections * Chemo- 
therapy for Protozoal and Helminthic Infections * Infection Prevention in Pa- 
tients with Cancer and Granulocytopenia * Immunologic Reconstitution * Gam- 
ma Globulin and Vaccine Therapy 


* Index 


AMONG THE EMINENT CONTRIBUTORS... 
Michael H. Grieco, M.D., 


Professor of Clinical Medicine, Donald B. Lour 1a 
Columbia University College of H. William Harris 
Physicians and Surgeons, Director, RA. Lowell S. Young 
Cooke Institute of Allergy, St. Luke's- Leon Smith 

Roosevelt Hospital Center, New York Daniel M. Musher 
Sheldon H. Wolff Harold C. Neu 
Robert ^. Good Stephen S. Schimpff 
J. Donald Capra Robert B. Zurier 
Anthony S. Fauci Stephen J. Seligman 
Elliot Goldstein Thomas C. Jones 


Gerald T. Keusch ...and 30 others 
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Please send, on approval, copies of INFECTIONS IN THE 
ABNORMAL HOST, edited by Michael H. Grieco. | will be free to read 
and consult the book in any and all relevant situations for 30 days. If 
| am not convinced it is a valuable professional tool, | will return it 
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For men who have already felt the effeéts of ^ without the high incidence of untoward gastro- 
cerebral ischemia, daily doses of aspirin provide intestinal effects associated with ordinary aspirin 
significat protection against recurrence of stroke preparations. By reducing Gl unpleasantness. 
or TIA. Ascriptin® may contribute significantly to better 
Ascriptin* —Maalox*-protected—is designed to give long-term adherence...and therefore better 
the full benefit of continuous, daily aspirin dosage protective results. 

The best of f 
aspirin is 


Aspirin 325 mg & buffered with Maalox® 150 mg 


1 tablet q.i.d. or 2 tablets b.i.d. to help prevent recurrent TIA in men 
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_ |... TIAS in women or is of benefit in the treatment of 





Reduced Risk 
Aspirin Therapy 

in the Conventional 
Dosage Range 


e to help prevent TIA 

e to relieve pain 

e to reduce fever 

e to aid in vascular headache 

e to suppress platelet aggregation 


The only antiprostaglandin therapy that has passed the test of 
time and experience, aspirin is probably the most widely used 
drug in the world. With the inclusion of Maalox® in the tablet, 
aspirin becomes Ascriptin*—keeping all its therapeutic 
effectiveness and reducing risk of GI intolerance—for even 
greater acceptability to occasional users as well as to patients 
on long-term or frequent dosage. 


For the best 












of aspirin... 
Asc! Ipti | 
Aspirin, 325 mg WI buffered with Maalox®, 150 mg 


RECOMMENDED ASCRIPTIN* DOSE IN TIA's: 1300 mg/day 
(two tablets b.i.d. or one tablet q.i.d.) 





There is evidence that aspirin is safe and effective for 
reducing the risk of recurrent transient ischemic attacks 
or stroke in men who have had transient ischemia of the 
brain due to fibrin platelet emboli. 

There is no evidence that aspirin is effective in reducing 
















completed strokes in men or women. Patients presenting 
jgns and symptoms to TIA's should have a complete, 
ical and neurologic evaluation. | 
dgeration should be given to other disorders which 
resemDIeTIA's. 
It is important to evaluate and treat. if appropriate, other 
disease associated with TIA's and strokes such as 
hypertension and diabetes. 
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Carl J. Pepine, Gainesville, Florida 

Joseph K. Perloff, Los Angeles, California 
Augusto D. Pichard, New York, New York 
Gerald M. Pohost, Boston, Massachusetts 
Richard L. Popp, Stanford, California 

Eric Prystowsky, Indianapolis, Indiana 

Ray Pryor, Denver, Colorado 

Miguel Quinones, Houston, Texas 

George Reed, Valhalla, New York 

Timothy J. Regan, Newark, New Jersey 
Nathaniel Reichek, Philadelphia, Pennsylvania 
James Reiffel, New York, New York 

Leon Resnekov, Chicago, Illinois 

Arthur L. Riba, West Haven, Connecticut 
Donald A. Riopel, Charleston, South Carolina 
Robert Roberts, Saint Louis, Missouri 

William C. Roberts, Bethesda, Maryland 
Kenneth M. Rosen, Chicago, Illinois 


Mauricio B. Rosenbaum, Buenos Aires, Argentina 


David Ross, Palo Alto, California 
John Ross, Jr., La Jolla, California 
Edwin L. Rothfeld, Irvington, New Jerse 


Hani N. Sabbah, Detroit, Michigan 
David C. Sabiston, Durham, North Carolina 
Philip Samet, Miami Beach, Florida 

rthur A. Sasahara, West Roxbury, Massachusetts 
Jay Schapira, Los Angeles, California 
Steven Scheidt, New York, New York 
Benjamin J. Scherlag, Oklahoma City, Oklahoma 
Leonard Scherlis, Baltimore, Maryland 
Robert C. Schlant, Atlanta, Georgia 
Clyde D. Schoenfeld, Pittsburgh, Pennsylvania 
Arnold Schwartz, Cincinnati, Ohio 
Bernard Segal, Philadelphia, Pennsylvania 
Stuart Floyd Seides, Washington, D.C. 
Arthur Selzer, San Francisco, California 
J. Seward, Rochester, Minnesota 
Ralph Shabetai, San Diego, California 
L. Thomas Sheffield, Birmingham, Alabama 
Libi Sherf, Birmingham, Alabama 
Barry A. Siegel, Saint Louis, Missouri 
Malcolm D. Silver, London, Ontario, Canada 
Mark Silverman, Atlanta, Georgia 
David Skorton, lowa City, lowa 
Robert Slutsky, San Diego, California 
Edmund H. Sonnenblick, Bronx, New York 
Albert Starr, Portland, Oregon 
Elliott Stein, Springfield, New Jersey 
Jonathan Stein, Valhalla, New York 
Paul D. Stein, Detroit, Michigan 
Leonard Steinfeld, New York, New York 
S. Stertzer, New York, New York 
Edward B. Stinson, Stanford, California 
H. William Strauss, Boston, Massachusetts 
Jay M. Sullivan, Memphis, Tennessee 
Borys Surawicz, Lexington, Kentucky 
H. J. C. Swan, Los Angeles, California 
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James Talano, Chicago, Illinois 

Norman S. Talner, New Haven, Connecticut 
Morton E. Tavel, Indianapolis, Indiana 
Salvador Treves, Boston, Massachusetts 
William Unterecker, Philadelphia, Pennsylvania 
Ferdinand Urthaler, Birmingham, Alabama 
Bruce W. Usher, Charleston, South Carolina 
L. H. S. Van Mierop, Gainesville, Florida 
Richard Van Praagh, Boston, Massachusetts 
Victoria Vetter, Philadelphia, Pennsylvania 
Frans J. Th. Wackers, New Haven, Connecticut 
H. N. Wagner, Baltimore, Maryland 

Andrew G. Wallace, Durham, North Carolina 
Samuel L. Wann, Whitefish Bay, Wisconsin 
Menashe B. Waxman, Baltimore, Maryland 
James Weiss, Lutherville, Maryland 

Allen B. Weisse, Newark, New Jersey 
Arnold M. Weissler, Detroit, Michigan 
Nanette K. Wenger, Atlanta, Georgia 

Arthur E. Weyman, Indianapolis, Indiana 
Myron Wheat, Jr., St. Petersburg, Florida 
Isaac Wiener, New York, New York 

Leslie Wiener, Philadelphia, Pennsylvania 

E. D. Wigle, Toronto, Ontario, Canada 
Roberta Williams, Boston, Massachusetts 
John Williamson, Philadelphia, Pennsylvania 
Park W. Willis, Ill, Ann Arbor, Michigan 

R. A. Winkle, Stanford, California 

Nathaniel Wisch, New York, New York 
George B. Wisoff, New Hyde Park, New York 
Raymond L. Woosley, Nashville, Tennessee 
Dennison Young, Bronx, New York 

Robert F. Zelis, Hershey, Pennsylvania 4 
Lenore Zohman, New York, New York 
Samuel Zoneraich, Flushing, New York 
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CALENDAR OF EXTRAMURAL PROGRAMS 








The aim of each program is to increase the 
theoretical and practical knowledge of the 
. normal and abnormal function of the cardio- 
_ vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
. changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 








1981 


To be Preceptorships in Cardiology. Arthur 
arranged Selzer, FACC, director, Pacific Medical 


individu- Cegter, San Francisco, CA 
ally EN 
To be Preceptorships in Cardiology. Jules 


arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 

ally 

APR. Cardiology for the Consultant: A Clini- 

6-15 cian's Retreat. E. Grey Dimond, FACC 
and James E. Crockett, FACC, directors. 
Rancho Santa Fe Inn, Rancho Santa Fe, 
CA 

APR. New Diagnostic and Therapeutic 

16-18 Modalities in Cardiology. Edmund H. 
Sonnenblick, FACC and James 
Scheuer, FACC, directors. Grand Hyatt 
New York, New York, NY 

APR. Contemporary Phonocardiography 

23-24 (With Echocardiographic Correlation). 
Morton E. Tavel, FACC, director. Meth- 
odist Hospital, Indianapolis, IN 

APR. Consultant’s Course in Cardiology. 

27- Richard Gorlin, FACC, Louis E. Teich- 

MAY holz, FACC, Simon Dack, FACC and 

1 Ephraim Donoso, FACC, directors. 
Mount Sinai Medical Center, New York, 
NY 

APR. Vectorcardiography—An Advanced 

29- Workshop. Alberto Benchimol, FACC, 

MAY director. Scottsdale Hilton Hotel, 

1 Scottsdale, AZ 


APRIL THROUGH AUGUST 1981 


MAY The Pathology of Acquired Diseases of 

7-9 the Heart and Conduction System. 
Jesse E. Edwards, FACC, Maurice Lev, 
FACC and Saroja Bharati, FACC, di- 
rectors. Radisson Hotel, St. Paul, MN 


MAY Cardiac Emergencies. Arthur Selzer, 

7-9 FACC and Richard Pasternak, co-di- 
rectors. The Mark Hopkins, San Fran- 
cisco, CA 

MAY Practical Cardiology for the Primary 

7-9 Care Physician, Leonard S. Dreifus, 


FACC and Joel Morganroth, FACC, di- 
rectors. Sarasota Hyatt Hotel, Sarasota, 
FL 


MAY Clinical Auscultation of the Heart. W. 

13-15 Proctor Harvey, FACC, director and 
Antonio C. de Leon, Jr., FACC and John 
F. Stapleton, co-directors. Gorman 
Building Auditorium, Georgetown Uni- 
versity Medical Center, Washington 
DC 


MAY Cardiac Diagnostic Techniques—A 

14-16 Clinical Perspective. Arnold M. 
Weissler, FACC and Nicholas Z. Kerin, 
FACC, directors and Franklin E. Hull, 
FACC, S. C. Khullar, FACC and Melvin 
Rubenfire, FACC, co-directors. Detroit 
Plaza Hotel, Renaissance Center, De- 
troit, MI 


MAY Modern Cardiology. J. Willis Hurst, 

18-22 FACC and Robert C. Schlant, FACC, 
directors. Sheraton Atlanta Hotel, At- 
lanta, GA 





MAY Sixth Annual Symposium on Cardio- 

28-31 vascular Nursing. Henry J. L. Marriott, 
FACC and Leo Schamroth, FACC, di- 
rectors. Sheraton Sand Key Hotel, 
Clearwater Beach, FL 


JUNE 
17-19 


The Patient with Arrhythmia—A Clini- 
cal Approach. Ross D. Fletcher, FACC 
and W. Proctor Harvey, FACC, directors. 
Gorman Building Auditorium, George- 
town University Medical Center, Wash- 


ington, DC 
JUNE Eighth Annual Symposium on Clinical 
30- Echocardiography: New Developments 
JULY in Cardiac Ultrasound at Snowbird. 
3 Arthur D. Hagan, FACC, director and 


Anthony N. DeMaria, FACC and William 
F. Friedman, FACC, co-directors. 
Snowbird Conference Center, Snowbird 
Ski and Summer Resort, Snowbird, UT 


AUG. Tutorials in the Tetons: Clinical Cardi- 

29-31 ology: Diagnostic and Therapeutic 
Advances (Seventh Annual). Robert S. 
Eliot, FACC, director and James C. 
Buell, Timothy Fleming, FACC and 
Gerald L. Wolf, co-directors. Jackson 
Lake Lodge, Moran, WY 
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The American College of Cardiology's Learning Center is located at 
the College's headquarters in Bethesda, Maryland. The purpose of the 
Learning Center is to support professional commitment to quality patient 
care by providing a standard of excellence in continuing medical edu- 


cation. 


Program 
Number 


314 
315 
316 


317 


318 


319 


320 
321 


322 





For additional information or a complete program calendar, contact the 
Program Registrar, Heart House Learning Center, American College 
of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
Telephone (301) 897-5400. 


LEARNING CENTER PROGRAMS: APRIL THROUGH JULY 1981 
ur ar nouem cen DER BEEN TEES Quo ados SONGS CE LS We. ORE OM i ee ee NE 


Date 
April 1-3 
April 8-10 
April 13-15 


April 20-22 


April 23-25 


April 27-28 


April 30, May 1-2 


May 6-8 


May 11-13 


May 14-16 


May 18-20 


May 28-29 
June 1-3 


June 11-13 


June 15-17 


June 22-24 


June 29-30, July 1 


July 8-10 


Program Director 
J. O'Neal Humphries, MD 


Victor Parsonnet, MD 
Keith Cohn, MD 


Pravin M. Shah, MD 


Daniel S. Berman, MD 


Leonard S. Dreifus, MD and 
Frits L. Meijler, MD 


John A. Spittell, MD 
Marvin Dunn, MD 


Abdul J. Tajik, MD and 
James B. Seward, MD 


G. Charles Oliver, MD 


William J. Mandel, MD 


Robert O. Brandenburg, MD 


Shahbudin H. Rahimtoola, MD 


Robert G. Tancredi, MD 


Robert A. O'Rourke, MD 
Paul C. Gillette, MD 
B. Leonard Holman, MD 


Michael R. Rosen, MD 


Title of Program 


Coronary Heart Disease: New Management Methods 


Current Concepts in Pacing 


Exercise Testing: Diagnostic and Physiologic Considerations 


Current Applications of Echocardiography: M-Mode, 
2-Dimensional and Pulsed Doppler Techniques 


Nuclear Cardiology 


Computer Electrocardiology: Present Status and Hope for the 


Future 


Peripheral Vascular Disease 


Diagnosis and Management of Common Cardiac Arrhythmias 


The Role of Two-Dimensional Echocardiography in the Clinical 


Practice of Cardiology 


Ubiquitous PVC 


His Bundle Electrocardiography: Contributions to the Clinical 
Understanding of the Electrocardiogram 


Cardiology for the Consultant: Continuing Challenges 


Valvular Heart Disease: Current Controversies in Patient Management 


Management of Pulmonary, Renal and Electrolyte Disorders in 


Cardiac Patients 


Detection of Cardiac Disease by Physical Examination 


Decisions in Clinical Pediatric Cardiac Surgery 


Nuclear Cardiology for the Cardiologist 


Clinical Pharmacology and Electrophysiology of Antiarrhythmic 


Drugs 


CARDIOLOGY BOARD REVIEW: Update in Cardiology 


September 9-11, 1981 
Presented by: The American College of Cardiology 


Atlanta, Georgia 


Directors: J. WILLIS HURST, MD, FACC and ROBERT C. SCHLANT, MD, FACC 





er information contact: Registration Secretary, Extramural Programs Department, American College of Cardiology, 
oad, Bethesda, Maryland 20014. Telephone: Area Code 301 897-5400 
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Cardiology Board Review Program 


UPDATE IN CARDIOLOGY 
September 9-11 1981 Atlanta, Georgia 


Presented by: THE AMERICAN COLLEGE OF CARDIOLOGY 
Directors: 
J. WILLIS HURST, MD, FACC 
and 
ROBERT C. SCHLANT, MD, FACC 
For brochure and further information contact: 

Registration Secretary 
Extramural Programs Department 
American College of Cardiology 
9111 Old Georgetown Road 
Bethesda, Maryland 200 14 
Telephone; 301 897-5400 


31st ANNUAL SCIENTIFIC SESSION 


AMERICAN COLLEGE OF CARDIOLOGY 


ATLANTA, GEORGIA APRIL 25-29, 1982 
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AMERICAN COLLEGE OF CARDIOLOGY 
Announces ... 
AFFILIATE IN TRAINING MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status as 
an Associate Fellow or regular Affiliate. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 


Advantages to the Affiliate in Training 


1. Subscription to The American Journal of Cardiology, the official journal of the 
College. 


2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited A 
registration. 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather than as a guest of 
the College. 
Those desiring an application form should write to Director, Membership Department, 
American College of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


e Address manuscript to Managing Editor, 
American Journal of Cardiology, 666 Fifth 
Ave., New York, NY 10103. 

e Submit two copies of all elements of the 
article: text, references, legends, tables and 
figures. 

e Arrange the paper in this order: (1) title 
page; (2) abstract; (3) text; (4) references; (5) 
legends; (6) tables; and (7) figures. 

e Number all pages in above sequence, be- 
ginning with title page as 1, abstract as 2, 
etc. 

e Type all matter: (1) on 81⁄2 X 11 opaque 
white bond paper; (2) in duplicate; (3) on one 
side of each sheet only; (4) double-space; (5) 
leave wide margins, all four sides. 


THE TITLE PAGE 


e Include fist names, degrees and, where 
applicable, C for all authors. 

e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address of in- 
stitution from which work originated plus in- 
formation about grants. 

e Add at bottom the phrase ''Address for re- 
prints: . . .” followed by full name and address 
with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 words for 
major articles; 50 to 100 words for case re- 
ports. 

e Add at end of abstract: list of 2 to 6 key 
words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

* Do not use abbreviations such as SVC, 
WPW: write out superior vena Cava, Wolff- 
Parkinson-White. . 

e Abbreviate measurements (mm, kcal and 
the like) as recommended in Uniform Re- 
quirements for Manuscripts Submitted to 
Biomedical Journals, published in Am Rev 
Respir Dis 1979; 119:3-10; Ann Intern Med 
1979; 90:95-9; Br Med J 1979; 1:532—-5; and 
Lancet 1979:1:428-30. 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 


articles devoted to cardiovascular disease. Articles must be contributed solely 
to THE AMERICAN JOURNAL OF CARDIOLOGY and become the property of the 
Publisher. The Publisher reserves copyright and renewal on all published material, 
and such material may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the authors. Authors 
will assist the editors in the prompt processing of manuscripts if these instructions 


are followed: 


e Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in which 
they are mentioned in text. 

e Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. Indicate all abstracts 
by the abbreviation (abstr). 

e Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

* Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman nu- 
merals: Table |, Il, etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. 

e Provide a footnote to each table—identi- 
fying in alphabetical order all abbreviations 
used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) of each 
photo and drawing. 

e Please note that art work of published arti- 
cles will not be returned. 

e Use black ink for all charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

e Use arrows to designate special features. 
e Crop photomicrographs to show only es- 
sential field. 

e Identify figures on back by number and au- 
thor's name. 

e Number figures in order in which they are 
mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from publisher 
and author to reproduce any previously pub- 
lished figures. 

e Limit figures to number necessary for clar- 
ity. The publisher allows a limited sum toward 
reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors (if there are 7 or more, list 


only 3 and add et al.): 


31. Vismara LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 1977; 39:1027-34. 


(Author: please note that no periods are used after authors initials) 


For chapter in book: 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss AJ, 
Adams F, eds. Heart Disease in Infants. Children and Adolescents. Baltimore: Williams & 


Wilkins, 1968:134-9. 


For books (personal author or authors): 


36. Berne E. Principles of Group Treatment. New York: Oxford University Press, 1966:26. 


(Author: all book references should have specific i. pam 
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A new shape in cardiac pacing comes to life. 
Gamma Y 10 mm thin, 41 grams light. 
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INTRODUCING STATUS 1000 


WITH AN IMAGINATION . 
TO MATCH YOUR OWN 


Status 1000, The ECG Monitor 
That Gives You Programmable 
Control Over Every Aspect Of 
The Stress Test. 

Quinton’s Status 1000 is the first 
ECG stress test system that lets you 
use your imagination to modify or 
reprogram at will the various ele- 
ments of a stress test. 

Not just treadmill protocol, 
but lead selection, ST sample point, 
recorder speed, patient name, final 
report content and length, blood 
pressure prompting, etc. Everything 
is in your control like it should be. 

Use your professional 
imagination to create and program 
customized test procedures for 
pediatric, research, post- M .l., 
rehab., or out-patient situations. 

Each physician in your institu- 
tion can have their own preferred 
test procedure stored in memory. 

With the Status 1000 you and 
your colleagues can customize test 
procedures based on the require- 
ments of the patient, not the restric- 
tions of the ECG system. 

How The Sophisticated Status 
1000 Makes Test Flexibility So 
Complete And Easy 

With The Status 1000, Quinton 
introduces anew term, the “Stress 
Test Environment”. It consists of 16 
test elements. Each element, such 


ECG PRERPPLIFIER/RPLIFIER 
CHOICES CURRENTLY 


SIGNAL SELECTION 
LEAD SELECTION KEY 


Eu Exe DG 


EXERCISE SET 
F VS 
V6 Il Ave SS 
- OR - 


SIGNAL PR 
=$] ST SAMPLE 
O TO 106 MS FROM R- 
6) ST SLOPE DURATION 
18 TO 100 MS FROM SMPL 


MODIFY? 


Dir Y PRESS ITE 
R32 4 RETURN? PRESS ENTER 


as exercise lead set, or final report 
content, has parameters which 
you can establish or modify to suit 
your needs. 





Yet, programming the Status 
|O00 is as easy as operating a pocket 
calculator, so special training is 
not required. 


Comprehensive Data, 
Professionally Presented 

In a single glance you see three 
channels of diagnostic quality ECG, 
averaged beats (both resting and 
current), heartrate, computed 
parameters, trend displays, 
stage number, stage time and 
elapsed time. 

Plus, any abnormal beat will be 
instantly highlighted on the screen, 
then recorded and labeled 
automatically. 

Your control extends to test 
reports, too. Printouts during the 
test may include averaged beats, 
rhythm strips, or full |2-leads. Final 
reports may include a wide variety 
of information. And each report is 
automatically labeled with pertinent 
data. Good bye work sheet. 





Stay Ahead With The 
Status 1000 

Because of the Status 1000's 
unparalleled flexibility anf micro- 
processor technology its susceptibil- 
ity to obsolescence is far less than 
other systems. And that makes it a 
good investment for you and your 


institution. Call Quinton toll free at 
|-800-426-0538. 


a 
Quinton 
instrument co. 


The Stress Test People 


2121 Terry venue 
Seattle, Wash¥ngton 98121 
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Each effervescent tablet 
in solution supplies 
50 mEq potassium chloride 


once-a-day 


90tassium 
hioride 
Supplement 


ruit punch and citrus flavors 


FFERVE NT TABLETS 
-LYTE/CI0 MEq—Fruit Punch and Citrus Flavors 
Each effe scent tablet in solution supplies 50 mEa potassium chloride 


PRESCRIBING CONSIDERATIONS 


DICATIONS: K-LYTE/CL 50 mEq is an oral potassium supplement for therapy or prophylaxis of potassium deficiency It is 
azide diuretics, corticosteroids, or severe vomiting and diarrhea Cause excessive excretory potassium losses. and 


d when dietary potassium ts low 


particularly useful when 


wv 


arefully monitored, K-LYTE/CL 50 mEq may also be useful for potassium administration where í ligitalıs intoxication results in cardiac arrhythmias 
ONTRAINDICATIONS: Impaired renal function with oliguria or azotemia; Addisons disease: hyperkalemia from any caus 

ARNINGS AND PRECAUTIONS: Since the amount of potassium deficiency may be difficult to determine accurately. supplements should be admin 
stered with caution, and dosage adjusted to the requirements of the individual patient Potassium intoxication rarely occurs in patients with normal 
idney function. Symptoms of potassium intoxication are variable They include listlessness, mental confusion and tingling of the extremities. Fre- 
uent checks of the clinical status of the patient, ECG, and serum potassium level are desirable In established hypokalemia. attention should also 
e directed toward other potential electrolyte disturbances. Potassium supplements should be given cautiously to digitalized patients and such 
patients should be monitored by ECG for cardiac irregularities To minimize the possibility of gastrointestinal irritation associated with the oral inges- 


on of concentrated potassium salt preparations. patients should be carefully directed to dissolve each dose ccmpletely in the stated 
mount of water. 


DVERSE REACTIONS: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of potassium salts 
OSAGE AND ADMINISTRATION: Adults: 1 tablet completely dissolved 1 to 2 times daily. depending upon the requirements of the patient: 1 table 


} >t 
ILCA 


90 mEq potassium chloride) in 6 to 8 ounces of cold or ice water. The normal adult daily requirement is approximately 50 mEq of elemental potassium 
OTE:It is suggested that K-LYTE/CL 50 mEq be taken with meals and sipped slowly over a 5-10 minute period 
OW SUPPLIED: K-LYTE/CL 50 mEq effervescent tablets (fruit punch and citrus flavors) cartons of 30 and 100 Also available. K-LYTE/CL effer- 


à : r r " j 7 i j 
scent tablets (25 mEq puit punch and citrus flavors) cartons of 30 and 250. Each tablet is individually foil wrapped 
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but nőt the same 


More than.five years of efforthave been devoted to the 
designað vitro testing andÆðöntrolled clinical investigation 
of thelBllork-Shiley Cardi alve Prosthesis with 
Convexo-Concave disc 


improvements in: thromboresistance, hemodynamic performance 
and strength of the inlet strut have all been achieved. Importantly, 
thishas been accomplished without sacrificing any of the design 
features which made the original Bjórk-Shiley valve a universal 
standard for valvular replacement. For complete clinical data, 
contact your Shiley representative. 


E Shiley Inc. 
17600 Gillette Avenue 
Shiley Irvine, California 92714 
& (714) 979-0500 


! (800) 854-3683 
an'integral member of the open heart team™ Cable: SHILEYINCIRIN 


| B 
Name, Same mole) C 


Shiley-Howmedica 

350 Avenue Louise 

Boite 17 

B-1050 Bruxelles, Belgium 
Tel: (02649) 6137 

Telex: 26178PMSEUR b 





n Tq 


p "perpe PEÓTU - 





€ 


TTR EE RT or 7 


$ Current Titles fn EA from Grune & Stratton 
PEDIATRIC-CARDIAC DYSRHYTHMIAS 


Edited by PAUL C. GILLETTE, M.D. and ARTHUR GARSON, JR., M.D. 


A CLINICAL CARDIOLOG Y MONOGRAPH 


This book details methods of diagnosing and treating 
cardiac dysrhythmias in children. The editors, who 
are authorities in the field, present a uniquely unified 
approach to the patient with a dysrhythmia; the con- 
tributors are (with two exceptions) physicians from 
the pediatric cardiology section of Texas Children's 
Hospital in Houston. The book begins with a simpli- 
fied surface ECG approach and proceeds to cover 
additional noninvasive and invasive diagnostic proce- 
dures as well as basic electrophysiology and pharma- 
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cology. Chapters go on to cover each type of dys- 
rhythmia and include surface ECG diagnosis, differ- - 
ential diagnosis, intracardiac electrophysiologic stud- - à 
ies, and treatment. Each chapter outlines those tests 3 
necessary for a specific clinical situation. Treatment . 
alternatives are also included. The final two chapters | 
cover implanted electronic pacemakers and direct - | 
surgical treatment of dysrhythmias. 

1981, 496 pp., illus., $44.50 ISBN: 0-8089-1332-8 
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ADVANCES IN HEART DISEASE, Volume 3 $ 


Edited by DEAN T. MASON, M.D. 
A CLINICAL CARDIOLOGY MONOGRAPH 


ABSTRACTED FROM THE PREFACE. . . Vol- 
ume 3 of this series is an extension of the first two 
volumes of Advances in Heart Disease and thus con- 
tains a comprehensive up-to-the-moment presenta- 
tion of the latest developments in patient manage- 
ment in cardiovascular diseases. 


SECTION HEADINGS: Advances in Catheter-Dila- 
tation Treatment of Obstructive Coronary and Peri- 
pheral Atherosclerotic Disease. Advances in Revas- 
cularization Bypass Surgery in the Treatment of Cor- 
onary Artery Disease. Advances in Therapy of Acute 
Myocardial Infarction. Advances in the Management 
of Sudden Coronary Death. Advances in Exercise Elec- 
trocardiography for Detecting Coronary Artery Dis- 


ease. Advances in Coronary Artery Disease Prevention | 
and Cardiac Rehabilitation. Advances in the Treat- - 
ment of Severe Congestive Heart Failure. Advances in - 
the Evaluation and Treatment of Hypertension. Ad- - 
vances in the Diagnosis, Evaluation, and Surgical - 
Therapy of Valvular Heart Disease. Advances in the - 
Diagnosis and Therapy of Congenital Heart Disease. 
Advances in Permanent Cardiac Pacemaker Therapy. | 
Advances in M-Mode and Two-Dimensional Echo- _ 
cardiography. Advances and Future Directions in- 
Nuclear Cardiology. Index. 

1980, 832 pp., $49.50 ISBN: 0-8089-1284-4 

Order Code: 792793 


CURRENT CONCEPTS IN CEREBROVASCULAR DIEA ; 


Edited by FLETCHER H. McDOWELL, M.D. 


A PROGRESS IN CARDIOVASCULAR DISEASES REPRINT 


CONTENTS: C. H. Millikan, Transient Cerebral Is- 
chemia: Definition and Natural History. F. H. Mc- 
Dowell, Transient Cerebral Ischemia: Diagnostic Con- 
siderations. J. W. Schmidley and J. J. Caronna, Tran- 
sient Cerebral Ischemia: Pathophysiology. J. D. Eas- 
ton and J. A. Byer, Transient Cerebral Ischemia: 
Medical Management. M. P. Heilbrun, Transient 
Cerebral Ischemia: Surgical Considerations. J. A. 
Future volumes in CLINICAL CARDIOLOGY 
MONOGRAPHS are now available on a Continua- 
tion Order basis. Your Continuation Order authorizes 
us to ship and bill each future volume in the series 


Byer and J. D. Easton, Transient Cerebral Ischemia: 
Review of Surgical Results. C. H. Millikan and F. H. - 
McDowell, Treatment of Progressing Stroke. J. Gold- | 
stone and D. J. Effeney, The Role of Carotid Endar- | 
terectomy in the Treatment of Acute Neurologic Defi- 
cits. Author Index. Subject Index. 

1980, 112 pp., $19.50 ISBN: 0-8089-1353-0 

Order Code: 792836 

automatically, immediately upon publication. This or- 
der will remain in effect until cancelled. Specify the 
volume number or title with which your order is to begin. 


GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers | 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 * 24-28 OVAL ROAD, LONDON NWI 7DX | 


Please enter the following order: 

— —illette/ Garson, $44.50 Order Code: 791554 

— Mason, Vol. 3, $49. 50 Order Code: 792793 

— McDowell, $19. 50 Order Code: 792836 
— Continuation Order: Clinical Car diology Monographs 

Please check one box: 

[] Payment enclosed (Free postage and handling. Add appli- 
cable sales tax.) 


[] Visa O Chargex 

[] MasterCard [] Access 

[] American Express [] Barclaycard 
[] Diners Club [] Eurocard 
Expiration Date: Month Year 


Charge Card Number: 
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On prepaid orders, payment will be refunded for the titles on l 
which shipment is not possible within 120 days. Prices are in - 
U.S. dollars and are subject to change without notice. 
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(please print) 


AFFILIATION 
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STATE/ZIP CODE 


[] Please check if you are a Grune & Stratton or Academic 
Press author. Direct all orders to Georgia Phillips, Media 
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Burdick produces the 
3&8 second electrocardiogram. 


In fact, only 37.4 seconds to record the complete 12-lead electro- 
cardiogram. It's the EK-8, Burdick's first fully automatic single-channel 
electrocardiograph. 

Combined with its unique mounting system, the EK-8 assures higher 
ECG productivity, substantial savings of time for operator and staff 
and important savings on ECG paper. 

Each lead is recorded in proper sequence — with lead lengths and 
lead switching on every lead automatically controlled. With proper 
technic there is no stopping to move the chest lead. fewer overruns. 
less waste, more ECG's per Poll. That means additional savings. 

Important savings of technician and staff time are possible with the 
EK-8's unique mounting system. Leads are automatically identified, and 
the complete 12-lead tracing is ready for mounting on Burdick self-adhesive 
card or folder formats. ready for filing. In the folder-mode, with longer 
leads for additjonal data, the complete ECG is recorded in 47.1 seconds. 
Manual override provides full choice of lead lengths if desired. 

The faster Burdick EK-8. Because time is your valuable asset for 
better patient service. For more information, or a demonstration, call us B dick 
toll-free at 800-356-0701. In Wisconsin call 608-868-7631. Or write urdi 
.The Burdick Corporation, Milton, Wisconsin 53563. A concern for cardiac care. 
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A satisfied patient... 
because High Point's flavor makes 
reducing caffeine enjoyable. 
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Recommending full-flavored High Point 
can improve patients' willingness to 
reduce caffeine intake. 


When you feel that reduced caffeine consumption 
is therapeutically appropriate, consider recom- 
mending High Point ® Instant Decaffeinated 
Coffee. With High Point, your patients can enjoy 
the real coffee flavor they love with only 1-4 mg. 
of caffeine per 8-ounce cup, instead of the 45-125 
mg. ina cup of regular instant coffee. High 
sane great flavor helps patients comply with 

2 caffeine-reduction regimen. 


High Point's true coffee flavor starts with a 
unique blend of premium decaffeinated coffee 
beans. A patented extra step helps preserve the 
real coffee flavor ordinarily lost during conven- 
tional decaffeinated coffee processing — yet, 
High Point is 97% caffeine free. 


High Point . . . when caffeine reduction 
is therapeutically appropriate. 


For a coupon to obtain a free jar of High Point, send a request on 
your letterhead to: Professional Services Division, P.O. Box 171, 
Cincinnati, OH 45201. 





CuberLith IV 
| Multi- Programmable 
CMOS Model 259-01 


Iintermedics inc. 
FREEPORT, TEXAS 
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. CYBERLITH IV 


PACING 





CyberLith IV the small, clinically proven AV 
Sequential pacing system with reliable CyberLith circuitry, 


The compact, lightweight, 
CyberLith IV A-V sequential pace- 
maker (Model 259-01) is designed 
to accommodate your patient's 
long term pacing requirements. In 
over 18 months of successful clini- 
cal experience this A-V sequential 
system once again proved the 
reliability of CyberLith circuitry 
and the superiority of its program- 
ming flexibility. 

A-V sequential pacing main- 
tains atrial transport; improving 
hemodynamics and cardiac effi- 
ciency. Regulation of A-V delay 
can also provide superior control 
of certain tachyarrhythmias. 

The Cyber ith IV is substan- 
tially smaller than any other A-V 
sequential pacemaker, weighing 
one-third less than its nearest com- 
petitor. Small PolyFlex™ atrial and 
ventricular leads complete the 
CyberLith IV system. Made from 
flexible, durable polyurethane, 


PolyFlex offers superior acute and 
chronic stabilities. 

The multi-programmable 
CyberLith IV offers 15 rates and 15 
pulse width settings in all three 





modes (DVI, VVI, DOO). Any of 
seven sensitivity levels are pro- 
grammable in the two demand 
modes. The standard series 522 
CyberLith Programmer permits 


selective noninvasive program- 
ming over the full range of pro- 
grammable parameters. 

When A-V sequential pacing 
is the optimum solution for your 
patients, choose the best system 
available: CyberLith IV from 
Intermedics. 

For more information on the 
CyberLith IV A-V sequential pac- 
ing system, contact your nearest 
Intermedics sales representative 
or call us toll free at 800-231-2330. 


4 Intermedics Inc. 


P.O. Box 617 
Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 





Our business is life" 





Intermedics CyberLith IV—Brief Summary 


INDICATIONS FOR USE: Implantable cardiac 
pulse generators may be indicated for 
long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 


A-V sequential pacing is specifically 
indicated for treatment of conduction 
disorders which require restoration of both rate 
dnd atrio-ventricular synchrony. A-V 


| ; 


sequential pacing is also indicated for patients 
with extensive myocardial infarction with A-V 
block and sinus bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: 
There are no known contraindications to the 
use of pacemakers as a medical method for 
control of heart rate. Body rejection 
phenomena, local tissue reaction or skin 
necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have 
been reported. 


PRECAUTIONS: See the “Cautionary Notes” 
section of the Physician's Manual for the 


Intermedics cardiac pulse generator to 
be implanted. Discussion includes Possible 
Complications, Environmental Hazards 
(electrocautery, diathermy, defibrillation, 
microwgf'e ovens, home appliances, and 
industrial and special environments), and 
Effects of Drugs on Cardiac Pacing. 


CyberLith® is a regist 
Intermedics, Inc. 

PolyFlex™ is a tradema 

©1981 Intermedics, Inc. 
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f Intermedics, Inc. 


For ventricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 


r1 Greater GI tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 


t1 Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a'broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. ort.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturc-.c acid serves as a buffering moiety. It pro- 
tects the mu of the stomach and permits dependable 
absorption of (e quinidine.” 


*Aviado, D. M., Kranty and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, xi Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY-INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atria fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate — 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased - 
by % to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 
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Symposium: Future Directions in Exercise Testing and 
3 Exercise Electrocardiography—l! 
Victor F. Froelicher, MD, FACC and Paul L. McHenry, MD, FACC, Guest Editors 


Studies on Left Ventricular Function in Volume 
Overload and Valve Hegurgitation 


Contents on Page A6 
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TABLETS 500 mg, 250 mg, and 125 mg 


ALDOMET (METHYLDOPA | MSL 
well matched to the profile »f : 


With increasing age... 
incidence of certain 
concurrent disorders increases 


ALDOMET may be used in a 
wide range of older hyperten- 
sives, including those with: 


* bronchospastic disease, 
including asthma 

» ventricular hypertrophy/ 
cardiac failure* 

* peripheral vascular disease 

* diabetes mellitus 

* allergic rhinitis 

* hyperuricemia/gouty arthritis 

* sulfonamide hypersensitivity 











compliance often a problem 


ALDOMET provides b.i.d. 
dosage convenience for 
many patients. 


renal function often 
diminished 

ALDOMET usually does not 
reduce glomerular filtration 
rate, renal blood flow, or 
filtration fraction. 


judicious exercise desirable 


With ALDOMET, cardiovascu- 
lar response to exercise 
usually is normal. 


r» 


AA 


*Edema (and weight gain) may occur and may usually 
^ be relieved by use of a diuretic. Discontinue methyldopa 
Y if edema progresses or signs of heart failure appear. 
tMethyldopa is largely excreted by the kidney, and patients 
| with impaired renal function may respond to smaller doses. 
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wide range of older hypertensives 


ability to autoregulate cere- 
(—.. — — bral blood flow with postural 
changes often decreased 


cardiac output and heart rate 
usually normal 


total peripheral resistance 
usually high 





ongoing therapy usually 
required 


plasma renin activity usually 
low but may be normal or high 


s 
ALDOMET is contraindicated in active hepatic occurrences of hemolytic anemia or liver disorders 
disease, hypersensitivity to the drug, or if could lead to potentially fatal complications unless 


previous methyldopa therapy has been associated properly recognized and managed. 
with liver disorders. Syncope in older patients may be related to an 


Itis important to recognize that a positive Coombs ncreased sensitivity and advanced arteriosclerotic 
test, hemolytic anemia, and liver disorders may vascular disease. This may be i 
occur with methyldopa therapy. The rare avoided by lower doses. 


i For a brief summary of prescribing information, please see following page. 


 Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 

positive Coombs test, hemolytic anemia, and liver 

disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to potentially fatal complica- 
tions unless properly recognized and managed. 

Read this section carefully to understand these 

- reactions. 

; With prolonged methyldopa therapy, 10% to 20% of 
‘patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 

- incidence is at daily dosage of 1 g or less. This on 

"rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 

positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
- direct Coombs testis not in itself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 

| positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 

_Atthe start of methyldopa therapy, itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 

- count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 

useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 

-Coombs-positive hemolytic anemia occurs, the 

cause may be methyldopa and the drug should be 

- discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive CoomDs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 





match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method, 
serum Creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
Itis important to recognize this phenomenon before a 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


For hypertension 


ALDOMET 


(METHYLDOPA| MSD) 


well matched to the 
profile of a wide range 
ofolder hypertensives 


lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements; psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sore or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or ading a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 

How Supplied: Tablets. containing 125 mg methyl- 
dopa each, in bottles of 100; Tablets, containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
500 mg methyldopa each, in single-unit packages of 


100 and bottles of 100 and 500. 
MSD 


For more detailed information, con- 
full prescribing information. Merck SHARES 





sult your MSD representative or see 
Sharp & Dohme, Division of Merck & SHAR 
Co., INc., West Point, Pa. 19486 OHM 
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“We're together because Dr. Benson 
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recommended home health care. . 














































Home health care is an excel- 
lent alternative when your patients 
cannot fully care for themselves, yet 
do not need to be in a hospital or 
nursing home. They can enjoy the 
comforts of home and falls while 
receiving the care they need, often 
at a cost far below that of institu- 
tional care. And you are always in 
full control of the plan of care. 

Each year, thousands of people 
receive care at home from Upjohn 
HealthCare Services*“ We employ 
nurses, nurse assistants, home 
health aides, homemakers and 
companions. 

We're the nation's leading pri- 
vate provider of home health care, 
with hundreds of offices through- 
out the United States and Canada. 
Many of our offices are licensed 
to provide services covered by 


Medicare. 
Upjohn HealthCare Services is 


a service program of The Upjohn 
Company, a name you and your pa- 
tients can trust. For free home health 
care information packets you can 
give to your patients, please send us 
the coupon below. Or call our office 
nearest you, listed in the white 
pages of your telephone directory. 


HEALTHCARE 
SERVICES ™ 





Let us help you tell your patients about 
home health care. 


care information packets 


| 

| 

| Please O send me 10 free home health 
- O have your service director 
| 

| 








Address 








re! State Zip 
Mail to: ny Open Services 
t.A 
ei Van Rick Drive 


è Kalamazoo, Michigan 49002 
HM-6743 ©1981 Upiohn HealthCare Services, Inc. 
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. Evenamong patients with DBP in 
. Systematic therapy significantly 
reduced mortality: — 


.... WOf nearly 11,000 hypertensives identified by the Hypertensior 
- Detection and Follow-up Program, slightly more than 70% hac 
mild hypertension (DBP 90-104 mm. Hg).' 


m Half were given systematic and aggressive care in HDFP cen 
ters; half were referred to customary sources of medical care. 


After 5 years, HDFP found that effective treatment of mild 
hypertension may reduce premature deaths by 2095. 


xi As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton*? 


The primary agent used by the HDFP 
in an effective low dose 


Hygroton25-. 


(chlorthalidone USP) 


Because there's nothing mild 





PRR Tae ee 


bout mild hypertensi 

about mild hypertension 
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i . BRIEF SUMMARY related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 

-. Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 

-  €hlorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal ` necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia. gastric 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
There is a possibility of exacerbation or activation of systemic lupus erythematosus with thiazides, which are pancreatitis; dizziness, vertigo, paresthesias. headache. xanthopsia: leukopenia, agranulocytosis, 
related to chlorthalidone. This has not been reported with chlorthalidone. Thiazides cross the placental barrier and thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against (cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 


possible hazards to the fetus. These hazards includeyfetal or neonatal jaundice, thrombocytopenia, and possibly be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or 
and appear in breast milk. If use of the drug is essential, the patient should stop nursing. severe, chlorthalidone dosage should be reduced or therapy withdrawn. 

Precautions: Periodic determination of serum electrolyte to detect possible electrolyte imbalance should be Usual Dose: One tablet daily. How Supplied: Tablets—100 mg. (white, scored), 50 mg. (aqua) in bottles of 100, 
performed at appropriate intervals. Al! patients receiving chlorthalidone should be observed for clinical signs of 1000 and 5000; 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips) 
fluid or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum and urine 

electrolyte determinations are particularly important when the patient is vomiting excessively or receiving References: 

parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 
with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis is With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562. Dec. 7. 1979. 2 Payne, G.H.: 

present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake Presentation of HDFP findings (Nov. 27, 1979), data on file, USV Laboratories. 

will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 7 

with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specific 

treatment except under extraordinary circumstances (as in liver disease or renal disease). Diiutiona! hyponatremia 


may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients. Insulin requirements in diabetic patients may be increased, decreased, or unchanged and latent diabetes ANUS USV Laboratories Inc. 


mellitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine. : 
The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chiorthalidone and LABORATORIES Manati, P.R. 00701 
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991 Early Changes in Left Ventricular Size and Function After Correction of Left Ventricular Volume 
Overload 


CHARLES A. BOUCHER, JOHN B. BINGHAM, MARY D. OSBAKKEN, ROBERT D. OKADA, 3 
H. WILLIAM STRAUSS, PETER C. BLOCK, FREDERICK H. LEVINE, HARRY R. PHILLIPS and j 
GERALD M. POHOST | 





The results of multigated blood pool scanning to examine left ventricular volumes and ejection fraction before 
and 2 to 4 weeks after valve replacement in 40 consecutive patients with isolated aortic or mitral regurgitation 
and in 16 patients obtained 1 to 2 years after valve replacement indicate that the removal of chronic left ventric- 
ular volume overload due to aortic or mitral regurgitation produces an early decrease in ejection fraction and 
end-diastolic volume. This decrease after correction of chronic left ventricular volume overload appears to re- 
flect in part altered loading conditions, predominantly changes in preload. Early postoperative ventricular size 
and function reflect the amount of left ventricular dysfunction present preoperatively. Late postoperative data 
suggest that there is reversal of this early dysfunction in most patients with aortic regurgitation but no consistent 
improvement in those with mitral regurgitation. 
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1005 Left Ventricular Regional Wall Motion and Velocity of Shortening in Chronic Mitral and Aortic 
Regurgitation 


MARY D. OSBAKKEN, ALFRED A. BOVE and JAMES F. SPANN 


aa 


In this study aortic and mitral regurgitation in the absence of coronary artery disease produced regional contrac- 
tile abnormalities in patients with volume overload. Congestive heart failure due to chronic volume overload ap- 
pears to result in asynchrony of the ventricle and reduced global function. All patients with significant asynergy 
had an ejection fraction below normal. In addition to being affected by reduced myocardial function, shortening 
velocity may be greatly affected by abnormalities in afterload seen in mitral and aortic regurgitation. Patients 
with heart failure had greater regurgitant volumes as measured by the difference between angiographic and dye- 
dilution stroke volumes. The relatively normal function in the asymptomatic patients was accompanied by a syn- 
chronous contractile pattern. 
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1010 Predicting the Extent and Location of Coronary Artery Disease During the Early Postinfarction Period | 
by Quantitative Thallium-201 Scintigraphy 


ROBERT S. GIBSON, GEORGE J. TAYLOR, DENNY D. WATSON, PAMELA T. STEBBINS, 
RANDOLPH P. MARTIN, RICHARD S. CRAMPTON and GEORGE A. BELLER 
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The results of coronary angiography and serial thallium-20 1 scintigraphy at rest in 10 patients and after submaxi- 
mal exercise stress in 42 patients with acute myocardial infarction before their hospital discharge showed that 
the specificity of scintigraphy for identifying vessel stenosis was 92 percent. Scintigraphy detected a greater | 
proportion of left anterior descending and right coronary arterial stenoses than circumflex stenoses (91 and 87 ] 
versus 63 percent, respectively). The predictive accuracy of exercise-induced S-T segment depression was only | 
45 percent compared with 88 percent for thallium-20 1 scintigraphy. Two weeks after myocardial infarction, ex- 

ercise thallium-201 scintigraphy proved useful for predicting the extent and location of coronary artery disease. 
Thallium-201 imaging at rest was also reliable in assessing the extent of coronary disease in hospitalized pa- 

tients who cannot undergo exercise testing. 


e continued on page A16 
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Procan™ SR 

(procainamide hydrochloride tablets) 
SUSTAINED RELEASE 

Before prescribing, please see full prescribing information. 


"A Brief Summary follows: 


The prolonged administration of procainamide often leads to the 
development of a positive antinuclear antibody (ANA) test with or 
without symptoms of lupus erythematosus-like syndrome. If a 


positive ANA titer develops, the benefit/risk ratio related to con- 
tinued procainamide therapy should be assessed. This may 
necessitate consideration of alternative antiarrhythmic therapy. 





INDICATIONS: Oral procainamide is indicated in the treatment of 
premature ventricular contractions and ventricular tachycardia, atrial 
fibrillation, and paroxysmal atrial tachycardia. 


CONTRAINDICATIONS: It has been suggested that procainamide 
be contraindicated in patients with myasthenia gravis. Hypersensitiv- 
ity to the drug is an absolute contraindication; in this connection, 
cross-sensitivity to procaine and related drugs must be borne in 
mind. Procainamide should not be administered to patients with 
complete atrioventricular heart block. Procainamide is also contrain- 
dicated in cases of second-degree and third-degree A-V block 
unless an electrical pacemaker is operative. 


PRECAUTIONS: During administration of the drug, evidence of 
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untoward myocardial responses should be carefully watched for in 
all patients. In the presence of an abnormal myocardium, pro- 
cainamide may at times produce untoward responses. In atrial fibril- 
lation or flutter, the ventricular rate may increase suddenly as the 
atrial rate is slowed. Adequate digitalization reduces, but does not 
abolish, this danger. If myocardial damage exists, ventricular tachy- 
systole is particularly hazardous. Correction of atrial fibrillation, with 
resultant forceful contractions of the atrium, may cause a dislodge- 
ment of mural thrombi and produce an embolic episode. However, it 
has been suggested that, in a patient who is already discharging 


- emboli, procainamide is more likely to stop than to aggravate the 


process. 
Attempts to adjust the heart rate in a patient who has developed 


- ventricular tachycardia during an occlusive coronary episode should 
_ be carried out with extreme caution. Caution is also required in 
. marked disturbances of atrioventricular conduction such as A-V 


block, bundle branch block, or severe digitalis intoxication, where 
the use of procainamide may result in additional depression of con- 
duction and ventricular asystole or fibrillation. 

Because patients with severe organic heart disease and ventricu- 
lar tachycardia may also have complete heart block, which is difficult 


_ to diagnose under these circumstances, this complication should 
_ always be kept in mind when treating ventricular arrhythmias with 
. procainamide. If the ventricular rate is significantly slowed by pro- 
- cainamide without attainment of regular atrioventricular conduction, 


the drug should be stopped and the patient re-evaluated because 
asystole may result under these circumstances. 

In patients receiving normal dosage, but who have both liver and 
kidney diseases, symptoms of overdosage (principally ventricular 


_ tachycardia and severe hypotension) may occur due to drug accu- 


mulation. 

Instances of a syndrome resembling lupus erythematosus have 
been reported in connection with maintenance procainamide ther- 
apy. The mechanism of this syndrome is uncertain. Polyarthralgia, 


arthritis, and pleuritic pain are common symptoms; to a lesser extent, 


fever, myalgia, skin lesions, pleural effusion, and pericarditis may 
occur. Rare cases of thrombocytopenia or Coombs-positive hemo- 
lytic anemia have been reported which may be related to this syn- 


- drome. Patients receiving procainamide for extended periods of 
- time, or in whom symptoms suggestive of a lupus-like reaction 


.. appear, should have antinuclear antibody titers measured at regular 


intervals. The drug should be discontinued if there is a rising titer 
(antinuclear antibody) or clinical symptoms of LE appear. The LE 
syndrome may be reversible upon discontinuation of the drug. If dis- 
continuation of the drug does not cause remission of the symptoms, 
steroid therapy may be effective. If the syndrome develops in a 
patient with recurrent life-threatening arrhythmias not controllable by 
other antiarrhythmic agents, steroid suppressive therapy may be 
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for lupus erythematosus be carried out at régular intervalet in patients 





receiving maintenance procainamide therapy. 


ADVERSE REACTIONS: Hypotension following oral administration, 
is rare. 

Large oral doses of procainamide may sometimes produce 
anorexia, nausea, urticaria, and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported 
(see PRECAUTIONS). Reactions consisting of fever and chills have 
also been reported, including a case with fever and chills plus nau- 
sea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 
serum glutamic oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental depression, giddi- 
ness, and psychosis with hallucinations have been reported. The 
possibility of such untoward effects should be borne in mind. 

Hypersensitivity reactions, such as angioneurotic edema and 
maculopapular rash have also occurred. 

Agranulocytosis has occasionally followed the repeated use of the 
drug, and deaths have occurred. Therefore, routine blood counts are 
advisable during maintenance procainamide therapy. The patient 
should be instructed to report any soreness of the mouth, throat, or 
gums, unexplained fever, or any symptoms of upper respiratory tract 
infection. If any of these should occur, and leukocyte counts indicate 
cellular depression, procainamide therapy should be discontinued 
and appropriate treatment should be instituted immediately. 


DOSAGE AND ADMINISTRATION: Procan SR (procainamide 
hydrochloride tablets) are a sustained-release product form. The 
duration of action of procainamide hydrochloride supplied in this 
sustained-release product form allows dosing at intervals of every six 
hours instead of the more frequent every-three-hour dosing interval 
required for standard preparations of oral procainamide hydrochlo- 
ride. The convenient six-hour dosing schedule may encourage 
patient compliance. 

Ventricular tachycardia— Treatment with standard procainamide 
hydrochloride is recommended until the tachycardia is interrupted or 
the limit of tolerance is reached. Maintenance may then be continued 
with Procan SR. 

The suggested dosage is as follows: An initial dose of 1 g of stan- 
dard procainamide hydrochloride followed thereafter by a total daily 
dosage of 50 mg/kg of body weight given at three-hour intervals. 
The suggested oral dosage for premature ventricular contractions is 
50 mg/kg of body weight daily given in divided doses at three-hour 
intervals. 

The suggested maintenance dosage of Procan SR is 50 mg/kg of 
body weight daily given in divided doses at six-hour intervals. 

Although the dosage for each patient must be determined on an 
individual basis, the following may be used as a guide for providing 
the total daily dosage: patients weighing less than 55 kg (120 Ib), 0.5 
g every six hours; patients weighing between 55 and 91 kg (120 and 
200 Ib), 0.75 g every six hours; and patients weighing over 91 kg (200 
Ib), 1 g every six hours. 

Atrial fibrillation and paroxysmal atrial tachycardia— Treatment 
with standard procainamide hydrochloride is recommended until the 
arrhythmia is interrupted or the limit of tolerance is reached. Mainte- 
nance may then be continued with Procan SR. 

The suggested dosage is as follows: An initial dose of 1.25 g of 
standard procainamide hydrochloride may be followed in one hour 
by 0.75 g if there have been no electrocardiographic changes. Stan- 
dard procainamide hydrochloride may then be given at a dosage of 
0.5 g to1g every two hours until interruption of the ce Baie or the 
tolerance limit is reached. 

The suggested maintenance dosage for Procan SRis1g ‘every Six 
hours. 

If procainamide therapy is continued for appreciable periods, 
electrocardiograms should be made occasionally to determine the 
need for the drug. 


HOW SUPPLIED: N 0071-0202 Procan SR 250 mg. Each sustained- 
release tablet contains 250 mg procainamide hydrochloride. Avail- 
able in bottles of 100 tablets and in unit-dose packages of 100 (10 
strips of 10 tablets each). 

N 0071-0204 Procan SR 500 mg. Each sustained-release, scored 
tablet contains 500 mg procainamide hydrochloride. Available in 
bottles of 100 tablets and in unit-dose packages of 100 (10 strips of 10 


used concomitantly with procainamide. It is recommended that tests tablets each). ZD 
References: 1. Leahey EB Jr, Reiffel JA, Giardina E-GV, et al: The effect of quinidine and other oral antiarrhythmic drugs on serum digoxin. 

Ann Intern Med 92:605-608, May 1980. 

2. Smith TC, Kinkel AW: Plasma levels of procainamide after administration of conventional and sustained-release preparations. 

Curr Therap Res 27: 217- 228, 1980. PARKE-DAVIS A " 
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1020 Detection and Quantification of Acute, Isolated Myocardial Infarction by Two Dimensional 
Echocardiography 


CEES A. VISSER, K. I. LIE, GERARD KAN, RICHARD MELTZER and DIRK DURRER 


Two dimensional echocardiographic studies in 90 consecutive patients with acute, isolated myocardial infarc- 
tion proved satisfactory in 73 percent of the subjects. The location of the infarct was similar on electrocardiogra- 
phy and echocardiography in 62 of the 66 patients in whom this technique proved successful. The initial asynerg- 
ic area correlated well with the peak value of CK-MB which occurred hours later. Although the moderate suc- 
cess rate in obtaining adequate echocardiograms for analysis and the probable overestimation of the actual in- 
farct size are limitations of this method, two dimensional echocardiography is an attractive means of evaluating 
therapeutic interventions in patients with acute myocardial infarction because it can be frequently repeated. 


1026 Survival and Morbidity After Diagnosis of Occlusive Thromboaortopathy (Takayasu’s Disease) 


KAICHIRO ISHIKAWA 


This interesting study of the course, complications and survival of 81 young Japanese patients with occlusive 
thromboaortopathy, a chronic inflammatory arteriopathy of unknown etiology, provides prognostic clinical data 
for predicting death, severe events and the value of elective surgery. Of the 81 patients in this study, 72 were 
women. The worst combination of clinical features in Takayasu's disease were multiple complications or a se- 
vere single complication and severe disability. Patients with an accelerated sedimentation rate responded re- 
markably well to corticosteroid therapy with reduction in complaints and retardation of the progression of arterial 
disease during the active period of the disease. 


EXPERIMENTAL STUDIES 


1033 Effects of Diastolic, Synchronized Retroperfusion on Regional Coronary Blood Flow in Experimental 
Myocardial Ischemia 


ALAIN BERDEAUX, JEAN-C. FARCOT, JEAN-P. BOURDARIAS, MICHEL BARRY, JEAN BARDET and 
JEAN-F. GIUDICELLI 


Experimental data in 19 dogs suggest that diastolic synchronized retroperfusion offers a valuable alternate mode 
of myocardial protection capable of (1) enhancing nutritional blood flow by 50 percent of normal, (2) facilitating 
coronary venous drainage and (3) allowing selective retroinfusion of pharmacologic agents into the ischemic re- 
gion and obtaining high tissue concentrations using small amounts of drugs. In the ischemic zone, 1 hour of 
retroperfusion using a gas-actuated electrocardiogram-synchronized retroperfusion pump increased transmural 
flow by 59.3 percent with a greater increase in endocardial flow than in epicardial flow, thereby significantly in- 
creasing the endocardial/epicardial flow ratio from 0.46 + 0.05 to 0.64 + 0.07. This improvement in myocardial 
perfusion may be valuable in delaying irreversible myocardial ischemia. 


1041 Relation Between lonized Calcium Concentration and Ventricular Pump Performance in the Dog 
Under Hemodynamically Controlled Conditions 


LAMBERTUS J. DROP, GILLIAN A. GEFFIN, DENNIS D. O'KEEFE, JOHN B. NEWELL, 
MARSHALL L. JACOBS, BURT N. FOWLER, WILLARD M. DAGGETT with the technical assistance of 
JAMES S. TITUS 


lonized hypercalcemia at the upper limit of the clinical range in dogs is associated with only slight enhancement 
of ventricular pump performance compared with pump performance in normocalcemia, as indicated by the 
small decrease in left ventricular end-diastolic pressure and by an insignificant change in mean ejection rate 
measured at constant stroke work. In this study mean values of myocardial oxygen consumption and coronary 
flow were not significantly different from control values although individual increases or decreases were ob- 
served. These data, showing small enhancement of left ventricular pump performance when calcium infusion 
is indicated from a normal baseline ionized calcium level and substantial enhancement when the initial ionized 
calcium level is Below normal, validate the clinical practice of calcium infusion in patients after cessation of car- 
diopulmonary bypass when hypocalcemia may be present and its rapid correction is desirable. 


1052 Effect of Quinidine on Positive Inotropic Action of Digoxin 


JOHN F. WILLIAMS, Jr. and BABU MATHEW 


Responses of peak isometric force and maximal rate of force development in isolated feline right ventricular 
papillary muscles indicate quinidine exerts diametrically opposite effects on digitalis-induced inotropy depending, 
continued on page A20 > 








Look what the 
well-dressed 
cardiac 
| patient 

is wearing 
this year. 


CardioESCORT. 

Burdick’s newest pocket-sized 
ambulatory ECG monitoring 
and recording system. y 







oen | | With Burdick's compact, lightweight mss» 
22 = 2 ; CardioESCORT " on your patient's : 

z PE j side, it's almost as if you were by his 
side — during most of his activities. 
CardioESCORT assures detection of 
cardiac events both for patients you 
know or suspect to have cardiac 
abnormalities, and for patients 
undergoing cardiac rehabilitation. 
CardioESCORT tells you what you need to know, when 
you need to know it . . . without costly continuous 24-hour 
monitoring. CardioESCORT gives your patient complete 
mobility . . . gives you the assurance of accurate day and night monitoring. 


For your patient... CardioESCORT is easy to operate and easy to 
live with. Only 13 ounces, it's light enough to be worn in a pocket, over the 
shoulder, or on the hip and activated as simply as a portable tape 
recorder. If the patient feels unusual symptoms, he can verbally record his 
reactions on tape as he activates a recording of his electrocardiogram. 


For you — Intermittent monitoring . . . unlike continuous 24-hour 
monitoring systems, CardioESCORT provides data that is read directly by 
you, the physician. You read the ECG produced on your own 
electrocardiograph. Most importantly, you get a significant sampling 
without relying on high-cost scanners to process 24-hour continuous 
tracings. Simply stated, you get higher quality with less quantity — a 
benefit that means less cost to your patient. 


The little monitor with the big capability . . . because of its compact 
design and light weight, the new CardioESCORT is s ideal for monitoring 
the irregularities that can lead to such cardio-related symptoms as 
transient dyspnea, angina, cerebral ischemia, dizziness or fainting. 

See for yourself what the well-dressed cardiac patient is wearing. For 
more information or a demonstration, call or write 
The Burdick Corporation, Milton, Wisconsin 53563. 
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sconsin: 608.868.755: O O 
In Wisconsin: 608-868-7631 
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Announcing the 
comprehensive study 

of...the most fascinating 
syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visiting 
Assoc. Professor, Dept. of Medicine, University cf Alabama. 


' Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University of 
Tel Aviv—Sackler School of Medicine. 
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Every cardiologist, internist, pediatrician, surgeon—indeed, 
- every physician—should have a good basic knowledge of 

_the Pre-excitation Syndrome. Here are just a few reasons why 
this is so essential: 


L] V5 of all pre-excitation cases are misdiagnosed. 

LJ 5% to 10% of all tachycardias in adults are produced by 
|. pre-excitation. 

In ! of all infants under 10 months of age with life- 

threatening tachycardias, the tachycardias are actually 

secondary to pre-excitation. 

V5 to V; of all children with pre-excitation have an 

additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is brought a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson.White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 

a nd cardiac electrophysiology. " 


Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 
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YORKE MEDICAL BOOKS, 666 Fifth Ave., N.Y., N.Y. 10103 


| Please send me a copy of THE PRE-EXCITATION SYNDROME 
| at $33.00. I may use the book for 30 days and if not completely 
satisfied, return it for full refund or credit. 
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| (! Bill me plus cost of shipping. 
_ | | Payment enclosed, publisher pays shipping. 


_| | Charge my credit card: | | MasterCard | | Visa. 
E CardNo.. .— aM Date 

| NAME 

: ADDRESS 
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New York residents add applicable sales tax. Countries outside Western Hemisphere add 
- $5.00 per copy. 
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(spironolactone 25 mg) 


WARNING 
Spironolactone has been shown to be a tu- 
morigen in chronic toxicity studies in rats 
(see Warnings). Aldactone should be used 


only in those conditions described under In- 
dications. Unnecessary use of this drug 
should be avoided. . 





INDICATIONS: Diagnosis and treatment of primary 
hyperaldosteronism. Essential hypertension, edema of con- 
gestive heart failure and the nephrotic syndrome, when 
other measures are considered inappropriate. Cirrhosis of 
the liver accompanied by edema and/or ascites. Hypokale- 
mia. CONTRAINDICATIONS: Anuria, acute renal insuf- . 
ficiency, significant impairment of renal function, or 
hyperkalemia. WARNINGS: Excessive potassium intake ` 
may cause hyperkalemia. Potassium supplements should 
not be given with Aldactone. Do not administer concur- 
rently with other potassium-sparing diuretics. Spironolac- 
tone has been shown to be a tumorigen in chronic toxicity 
studies in rats. In one study using 25, 75, and 250 times 
the usual daily human dose (2 mg./kg.) there was a statis- 
tically significant dose-related increase in benign adeno- 
mas of the thyroid and testes. In female rats there was a 
statistically significant increase in malignant mammary 
tumors at the mid-dose only. In male rats there was a dose- 
related increase in proliferative changes in the liver. At the 
highest dosage level (500 mg/kg.) the range of effects 
included hepatocytomegaly hyperplastic nodules and 
hepatocellular carcinoma; the last was not statistically sig- 
nificant. PRECAUTIONS: Patients should be carefully 
evaluated for possible disturbances of fluid and electrolyte 
balance. Hyperkalemia may occur in patients with impaired 
renal function or excessive potassium intake and can cause 
cardiac irregularities which may be fatal. Reversible hyper- 
chloremic metabolic acidosis may occur in some patients 
with decompensated hepatic cirrhosis. Hyponatremia may 
be caused or aggravated, especially when Aldactone is 
administered in combination with other diuretics. Transient 
elevation of BUN and/or mild acidosis may occur Aldac- 
tone potentiates the effect of other diuretics or antihyper- 
tensive agents, particularly ganglionic blocking agents; 
therefore the dosage of such drugs should be reduced by at 
least 50 percent when adding Aldactone. Gynecomastia 
may develop and in rare instances some breast enlarge- 
ment may persist. Vascular responsiveness to norepi- 
nephrine may be reduced. Spironolactone may cross the 
placental barrier. Use in pregnant women requires that the 
anticipated benefit be weighed against possible hazard to 
the fetus. Breast feeding should be discontinued when 
Aldactone is being used ADVERSE REACTIONS: Gyne- 
comastia is observed not infrequently Gastrointestinal 
symptoms including cramping and diarrhea, drowsiness, 
lethargy, headache, maculopapular or erythematous cu- 
taneous eruptions, urticaria, mental confusion, drug fever, 
ataxia, inability to achieve or maintain erection, irregular 
menses or amenorrhea, postmenopausal bleeding, hirsut- 
ism and deepening of the voice. Carcinoma of the breast 
has been reported but a cause-and-effect relationship has 
not been established. Adverse reactions are usually revers- 
ible upon discontinuation of the drug; DOSAGE AND 
ADMINISTRATION: For primary hyperaldosteron - 
ism: 400 mg. daily for three to four weeks (long test), or  * 
for four days (short test). For preparation for surgery or for 
long-term maintenance therapy 100 to 400 mg. daily For 
edema in adults: Initial daily dosage is 100 mg. in di- 
vided doses but may range from 25 to 200 mg. daily If after 
five days an adequate diuretic response has not occurred, 
a second diuretic which acts more proximally in the renal 
tubule may be added. The dosage of Aldactone should re- 
main unchanged when other diuretic therapy is added. For 
edema in children: !nitial daily dosage should provide 
approximately 1.5 mg. per pound of body weight (3.3 mg./kg.) 
in divided doses. For essential hypertension: Initial 
adult daily dosage of 50 to 100 mg. in divided doses, alone or 
with diuretics which act more proxima!ly in the renal tubule, 
or with other antihypertensive agents. Continue treatment 
for at least two weeks since maximal response may not 
occur before this time. Adjust subsequent dosage according 
to patient response. For hypokalemia: 25 to 100 mg. 
daily in divided doses 


SEAR Searle & Co. 
San Juan, PR 00936 
Address medica! inquiries to: G. D. Searle & Co., ' a 


Medical Communications Department, Box 5110, 
Chicago, Illinois 60680 111-R1 
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Effective and sustained diuresis \ 
Aldactone, acting primarily at site IV in the distal. 
convoluted tubule, competitively blocks the action 
of aldosterone. Aldactone thus promotes the 
excretion of sodium and water while it spares 
potassium. 


Combats secondary volume buildup 
The action of Aldactone is distinct from other 
potassium-sparing diuretics. Because it specifically 
antagonizes aldosterone, secondary volume 
buildup is mitigated, while edema and congestion 
are relieved. 


SEARLE 


Bore prescribing, please consult the complete prescribing information, a brief summary of which appears on the facing page 








Unique potassium-regulating effect 
The unique potassium-regulating mechanism of 
Aldactone can prevent hypokalemia, with limited 
risk of hyperkalemia. Such side effects of 
conventional diuretics as hypokalemic alkalosis, 
digitalis toxicity, and cardiac arrhythmias are 1 





unlikely to occur. Consult Aldactone prescribing 
information for the side effects of spironolactone. ^ 
Limitations to consider 

Spironolactone has been shown to be atumorigen 
in chronic toxicity studies in rats. Thus, Aldactone 
should be prescribed only when other measures are 
considered inadequate or inappropriate. (See boxed 
warning and Warnings section of Aldactone 
prescribing information.) 
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on the sequence with which quinidine and digitalis are administered. The results suggest that the increased con- 
tractile performance when quinidine follows digoxin is due to displacement of digoxin from less to more active 
myocardial sites. The administration of 2 or 4 X 1077 M of digoxin after 2.6 X 1078 M of quinidine caused only 
a minimal increase in force and rate of force development. Although these observations in isolated papillary 
muscles may bear little relevance to their overall clinical effect because of neural and vascular effects in addi- 
tion to their direct myocardial actions, these observations may not be totally irrelevant clinically. 


1056 Detection of Cardiomyopathic Changes Induced by Doxorubicin Based on Quantitative Analysis of 
Ultrasonic Backscatter 


JAMES W. MIMBS, MATTHEW O'DONNELL, JAMES G. MILLER and BURTON E. SOBEL 


Producing cardiomyopathy by the prolonged administration of doxorubicin in 25 rabbits and comparing these re- 
sults with those in normal control rabbits, these investigators found that alterations in acoustic properties occur 
in cardiomyopathic tissue and that such alterations can be detected with the use of reflected ultrasound. In 
hearts from treated animals collagen content was significantly increased and integrated ultrasonic backscatter 
was increased by more than 500 percent in fibrotic regions and significantly in myopathic regions without 
marked collagen deposition. Development of such a noninvasive, quantitative method for serial characterization 
of physical properties of heart muscle in patients given doxorubicin offers promise of improving the detection 
of cardiomyopathy and more effective monitoring of cardiotoxicity of antineoplastic therapy. 


METHODS 


1061 Direct Measurement of Cardiac Output by Gated Equilibrium Blood Pool Scintigraphy: Validation of 
Scintigraphic Volume Measurements by a Nongeometric Technique 


GREGORY J. DEHMER, BRIAN G. FIRTH, SAMUEL E. LEWIS, JAMES T. WILLERSON and 
L. DAVID HILLIS 


Simultaneous measurements of cardiac output by the thermodilution technique and gated scintigraphy in 21 pa- 
tients without valve regurgitation or intracardiac shunts validate the nongeometric method of measuring left ven- 
tricular volumes with gated scintigraphy and demonstrates its ability to measure left ventricular stroke volume 
and cardiac output reliably. Excellent correlation was obtained between scintigraphic and thermodilution mea- 
surements of cardiac output and stroke volume. This method requires minimal operator intervention and allows 
background activity to be determined automatically by computer. Errors in measurement due to a distorted ven- 
tricular configuration are eliminated and the risks of cardiac catheterization or contrast ventriculography are 
avoided. 
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1068 Reproducibility of Left Ventricular Internal Dimensions With M Mode Echocardiography: Effects of 
Heart Size, Body Position and Transducer Angulation 


MAYLENE WONG, PRAVIN M. SHAH and RICHARD D. TAYLOR 


Echocardiographic analyses in 24 subjects reveal the size of the heart itself determines the reproducibility of the 
measurement of left ventricular internal dimensions when the spatial orientation between the transducer and 
heart is held constant. In this study the normal left ventricular internal dimension was reproduced with an error 
of +1 mm by virtue of a narrow echocardiographic window. The geometry of the longer diameter and greater 
displacement from the transducer increased the error to +4 mm in the dilated ventricle. These results have clini- 
cal relevance and significance especially for cross-sectional and longitudinal studies that utilize echocardio- 
graphic measurements of the heart. For cross-sectional studies, control and experimental groups should be ho- 
mogeneous and matched for heart size; for longitudinal study variance should be calculated with each serial ob- 
servation for a more sensitive statistical assessment. 


1075 Comparison of the Results and Reproducibility of Arm and Leg Exercise Tests in Men With Angina 
Pectoris E 


BRUCE LAZARUS, EILEEN CULLINANE and PAUL D. THOMPSON 


Reproducibility of arm exercise testing in 11 men with angina pectoris proved comparable with that of leg exer- 
cise, indicating that it can be used to evaluate and follow up subjects with angina induced by arm exercise who 
cannot perform leg testing. Heart rate, systolic and diastolic blood pressures and the rate-pressure product at 
the onset of angina were higher during arm than during leg exercises. In contrast, work load and oxygen uptake 
at the onset of angina were higher during leg exercise. These and other data suggest subjects were more me- 
chanically efficient during leg than during arm exercise. It was not possible to predict a subject's threshold for 
angina on arm exercise after leg exercise or vice versa. è 
continued on page A26 
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Blackwell Scientific Publications 


New 2nd Edition! 


THE DISORDERS OF CARDIAC RHYTHM 


By Leo Schamroth, M.D., D.Sc., F.R.C.P., F.R.S. 

Reflecting the vast experience and contemporary insights of Leo Schamroth, this new 

two-volume edition: 

* offers an expanded overview of all aspects of disordered cardiac rhythms 

* discusses disorders of impulse formation and conduction as well as the arrhythmias 
associated with myocardial infarction and their management 

* incorporates totally new chapters on: HIS bundle electrography, structural nodal 
disease, supraventricular tachycardias, bradycardia-dependent block 

* expanded to two volumes and handsomely packaged in an attractive library slip case 

1980. 736 pages, in two volumes, 449 illustrations. (B4359-7) Price, $175.00/set. 


BSP 
Blackwell Scientific Publications 
New 2nd Edition! 


ANAESTHESIA FOR CARDIAC SURGERY AND 
ALLIED PROCEDURES 


By M.A. Branthwaite, M.D., M.R.C.P., F.F.A. R.C.S.; with 1 contributor. 

This concise, yet comprehensive, monograph discusses the critical judgment involved 
in anaesthesia for cardiac surgery. It provides a practical account of the physiological 
implications of cardiac disease and their significance. Features include: 

* new and recent advances in the field 

* explanation of the basic sciences along with anaesthetic techniques 

è greater emphasis on ischemic disease 

* detailed discussion of methods for supporting failing circulation 

1980. 232 pages, 50 illustrations. (B0859-7) Price, $35.75. 
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Blackwell Scientific Publications 
New 3rd Edition! 


POSTOPERATIVE CARDIAC INTENSIVE CARE 


By Mark V. Braimbridge, M.A., M.B., B.Chir., F. R.C.S. 

Completely rewritten and revised, this new 3rd edition has been updated to reflect 
preferred practices and techniques. It includes information on long-term left 
ventricular assist devices. Discusses: 

* the postoperative cardiac patient 

* immediate measures on return to the intensive care unit 

* low cardiac output 

è fluid balance and parenteral nutrition 

* blood gas tensions and acid-base changes 

* respiratory function, cardiac arrest, infection, and more 

September, 1981. Approx. 192 pages, 75 illustrations. (BO781-7) About $16.50. 
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= Abbokinase is not a foreign protein 
m Abbokinase is non-antigenic 


= Induced antibody formation is not 
seen in intradermal tests 


m Since patient is not sensitized by Abbokinase, 
therapy can be repeated whenever necessary 


= Urokinase neutralizing antibodies are not 
formed so resistance is not a factor 


= Course of therapy is 12 hours and 
no dosage adjustment is necessary 


Abbokinase 


Urokinase for Injection si. 
250,000 I.U. per vial ume 






The direct action 
thrombolytic agent 
for the management 
of acute massive 
pülmonary embolism 


Abbokinase is stocked at strategically 
located hospitals throughout the country. 
For the name of the hospital nearest to you, 
please write Abbott Laboratories, Dept. 517, 
North Chicago, Illinois 60064. 


Please see following page for Brief Summary. 








* A23 


poum 
g 
~ 


Abbokinase 
Urokinase for Injection i. 















ABBOKINASE (urokinase for injection) should be used in hospitals where the 
recommended diagnostic and monitoring techniques are available. Thrombolytic 
perry should be considered in all situations where the benefits to be achieved 
putweigh the risk of potentially serious hemorrhage. When internal bleeding does 
occur, it may be more difficult to manage than that which occurs with conven- 
tional anticoagulant therapy. 

Urokinase treatment should be instituted as soon as possible after onset of 
pulmonary embolism, preferably no later than seven days after onset. Any delay 
B instituting lytic therapy to evaluate the effect of heparin decreases the poten- 
tial for optimal efficacy. | 


INDICATIONS AND USAGE 

Pulmonary Embolism 

BBOKINASE (urokinase for injection) is indicated in adults: 

— for the lysis of acute massive pulmonary emboli, defined as obstruction of blood flow 
— to a lobe or multiple segments. 

— for the lysis of pulmonary emboli accompanied by unstable hemodynamics, i.e., 
É failure to maintain blood pressure without supportive measures. 


The diagnosis should be confirmed by objective means, such as pulmonary angiography 
via an upper extremity vein, or non-invasive procedures such as lung scanning. 

| Angiographic and hemodynamic measurements demonstrate a more rapid improvement 
with lytic therapy than with heparin therapy. 


CONTRAINDICATIONS 

Because thrombolytic therapy increases the risk of bleeding, urokinase is contraindicated 
in the following situations: (See WARNINGS.) 

— Active internal bleeding 

— Recent (within two months) cerebrovascular accident, intracranial or intraspinal sur- 
|. gery 

— Intracranial neoplasm 


WARNINGS 
Bleeding 

he aim of urokinase is the production of sufficient amounts of plasmin for lysis 
of intravascular deposits of fibrin; however, fibrin deposits which provide 
hemostasis, for example, at sites of needle puncture, will also lyse, and bleeding 
from such sites may occur. 
_ Intramuscular injections and nonessential handling of the patient must be avoided dur- 
ing treatment with urokinase. Venipunctures should be performed carefully and as infre- 
quently as possible. 

Should an arterial puncture be necessary, upper extremity vessels are preferable. Pres- 
sure should be applied for at least 30 minutes, a pressure dressing applied, and the 
uncture site checked frequently for evidence of bleeding. 

- |n the following conditions, the risks of therapy may be increased and should be 

weighed against the anticipated benefits: 

— Recent (within 10 days) major surgery, obstetrical delivery, organ biopsy, previous 

| puncture of non-compressible vessels 

— Recent (within 10 days) serious gastrointestinal bleeding 

Br Recent trauma including cardiopulmonary resuscitation 

— Severe uncontrolled arterial hypertension 

— High likelihood of a left heart thrombus, e.g., mitral stenosis with artrial fibrillation 

E Subacute bacterial endocarditis 

— Hemostatic defects including those secondary to severe hepatic or renal disease 

— Pregnancy 

— Cerebrovascular disease 

— Diabetic hemorrhagic retinopathy 

— Any other condition in which bleeding might constitute a significant hazard or be par- 
ticularly difficult to manage because of its location 


Should serious spontaneous bleeding (not controllable by local pressure) occur, the infu- 
sion of urokinase should be terminated immediately, and treatment instituted as described 
under ADVERSE REACTIONS. 


Use of Anticoagulants . 

Concurrent use of anticoagulants with urokinase is not recommended. Before starting 
urokinase in patients being treated with heparin,"the effects of heparin should be allowed 
to diminish with time. 


PRECAUTIONS 

Use in Children and During Pregnancy 

Safety and effectiveness of urokinase therapy in children and during pregnancy have not 
been established; therefore, treatment of such patients is not recommended. 


Drug Interactions 
The interaction of urokinase with other drugs has not been studied. Drugs that alter 


platelet function should not be used. Common examples are: aspirin indomethacin and 
phenylbutazone. 
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Patient Monitoring 

Before commencing thrombolytic therapy, obtain a hematocrit, platelet count, and a 
thrombin time (TT), activated partial thromboplastin time (APTT), or prothrombin time 
(PT). If heparin has been given, it should be discontinued. TT or APTT should be less than 
twice the normal control value before thrombolytic therapy is started. 

During the infusion, coagulation tests and/or measures of fibrinolytic activity may be 
performed if desired. Results do not, however, reliably predict either efficacy or a risk of 
bleeding. The clinical response should be observed frequently, and vital signs, i.e., pulse, 
temperature, respiratory rate and blood pressure, should be checked at least every four 
hours. The blood pressure should not be taken in the lower extremities to avoid dislodg- 
ment of possible deep vein thrombi. 

Following the infusion, before (re)instituting heparin, the TT or APTT should be 
less than twice the upper limits of normal. 


ADVERSE REACTIONS 

Bleeding 

The type of bleeding associated with thrombolytic therapy can be placed into two broad 

categories: 

— Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g.. 
venous cut-downs, arterial punctures, sites of recent surgical intervention, etc.). 


— Internal bleeding, involving, e.g., the gastrointestinal tract, genitourinary tract, 
vagina, or intramuscular, retroperitoneal, or intracerebral sites. 


Several fatalities due to cerebral or retroperitoneal hemorrhage have occurred during 
thrombolytic therapy. 

Should serious bleeding occur, urokinase infusion should be discontinued and, if neces- 
sary, blood loss and reversal of the bleeding tendency can be effectively managed with 
whole blood (fresh blood preferable), packed red blood cells and cryoprecipitate or fresh 
frozen plasma. Dextran should not be used. Although the use of aminocaproic acid (ACA, 
AMICAR®) in humans as an antidote for urokinase has not been documented, it may be 
considered in an emergency situation. 


Allergic Reactions 

/n vitro tests with urokinase, as well as intradermal tests in humans, gave no evidence of 
induced antibody formation. Relatively mild allergic type reactions, e.g., bronchospasm 
and skin rash, have been reported rarely. When such reactions occur, they usually respond 
to conventional therapy. 


Fever 

Febrile episodes have occurred in approximately 2-3% of treated patients. A cause and 
effect relationship has not been established. Symptomatic treatment with acetaminophen 
is usually sufficient to alleviate discomfort. Aspirin is not recommended. 


DOSAGE AND ADMINISTRATION 


Dosing 
ABBOKINASE IS INTENDED FOR INTRAVENOUS INFUSION ONLY 
A priming dose of 2,000 1.U./Ib (4,400 1.U./kg) of ABBOKINASE is given as the 
ABBOKINASE-0.996 Sodium Chloride Injection admixture over a period of ten minutes. This 
is followed by a continuous infusion of 2,000 l.U./Ib/hr (4,400 1.U./kg/hr) of 
ABBOKINASE (given as the ABBOKINASE-0.996 Sodium Chloride Injection admixture) for 12 
hours. The total volume of fluid administered should not exceed 200 ml. 

Administer ABBOKINASE (urokinase for injection) by means of a constant infusion pump 
that is capable of delivering a total volume of 195 ml. 


Anticoagulation After Terminating Urokinase Treatment 

At the end of urokinase therapy, treatment with heparin by continuous intravenous infu- 
sion is recommended to prevent recurrent thrombosis. Heparin treatment, without a load- 
ing dose, should not begin until the thrombin time has decreased to less than twice the 
normal control value (approximately 3 to 4 hours after completion of the infusion). See 
manufacturer's prescribing information for proper use of heparin. This should then be 
followed by oral anticoagulants in the conventional manner. 
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"Warnings: Data su porting the use of sites and nitrates 
of the recommended — 5m 
_ ical and laboratory findings are uns fee (io esta 


nitrates may occur — e E B 
- Adverse Reactions: Cutaneou: Sanah with hobin. Headache i is com- - 

mon and may be severe and idee Transient episodes of dizziness and 

weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, ylcholine, histamine, and- 
many other agents. An occasional individual exhi its marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
« weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol pay enhance this effect. Drug rash 
‘and/or exfoliative dermatitis may occdsionally occur. 


i. . -Dpsage and Administration: Isordil (Isosorbide Dinitrate) Oral Titradose 
-<> .. “Tablets are administered orally. The dosage range is 5 mg to 30 mg q.i.d.. with 
^/ . :the usual dosage being 10 mg to 20 mg q.i.d. 


oe - /Consult direction circular before prescribing. 
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. 1080 Approximate Normal Standards of Maximal Cardiac Output During Upright Exercise in Women 
KENNETH F. HOSSACK, FUSAKO KUSUMI and ROBERT A. BRUCE 


These age-adjusted values for cardiac output and stroke volume during upright exercise in 104 asymptomatic 
sedentary women highlight the need to consider changes that normally occur with age when assessing patients. 
All variables decreased with increasing age, maximal oxygen uptake showing the highest correlation. Maximal 
oxygen uptake decreased the most and stroke volume, the least. The normal range of maximal oxygen uptake, 
34.7 + 7.2 ml/kg per min at age 20, decreased to 18.0 + 7.2 ml/kg per min at age 70. As illustrated in this arti- 
cle, these normal standards provide an essential framework for evaluating the results of exercise testing in 
women with various cardiovascular diseases. 


STUDIES IN HYPERTENSION 


: 1087 Echocardiographic Diastolic Ventricular Abnormality in Hypertensive Heart Disease: Atrial Emptying 
Index 


GERALD R. DRESLINSKI, EDWARD D. FROHLICH, FRANCIS G. DUNN, FRANZ H. MESSERLI, 
DANIEL H. SUAREZ and EFRAIN REISIN 


The atrial emptying index calculated from the posterior aortic wall echocardiogram proved to be a good early in- 
dicator of abnormalities of left ventricular diastolic compliance in patients with uncomplicated hypertension. The 
data in this study of 10 control subjects, 11 hypertensive patients without evidence of cardiac involvement and 
10 hypertensive patients with echocardiographic evidence of left ventricular hypertrophy suggest that rapid fill- 
ing of the left ventricle is reduced early in hypertension, even before electrocardiographic or systolic echocar- 
diographic abnormalities are detectable, and that the first changes in hypertensive heart disease are those of di- 
astolic compliance of the left ventricle, even before systolic function becomes impaired. 


PEDIATRIC CARDIOLOGY 


= 1091 Ventricular Tachycardia in Children 
| ALBERT O. ROCCHINI, PATRICK O. CHUN and MACDONALD DICK 


Experience in 38 patients aged 1 to 20 years with recurrent ventricular tachycardia suggests that the presence 
of underlying heart disease, the rate of ventricular tachycardia and the results of graded treadmill exercise tests 
are important predictors in the prognoses of such patients. Mitral valve prolapse, myocarditis and repaired tetral- 
| ogy of Fallot were the conditions most frequently associated with ventricular tachycardia. Antiarrhythmic thera- 
; py effectively abolished ventricular tachycardia and greatly decreased the number of premature ventricular com- 
$- plexes in the symptomatic patients but was less effective in the asymptomatic ones. Certain drugs were more 
effective in specific groups of children. Thus, phenytoin appears to be the antiarrhythmic agent of choice in pa- 
} tients after repair of tetralogy of Fallot. Antiarrhythmic therapy is recommended for all symptomatic patients with 
I ventricular tachycardia and for asymptomatic patients with both ventricular tachycardia rates greater than T50 
1 beats/min and a significant increase in ventricular arrhythmia with stress testing. 
h 
| 
| 


1098 Propranolol: The Preferred Palliation for Tetralogy of Fallot 
ARTHUR GARSON, Jr., PAUL C. GILLETTE and DAN G. McNAMARA 


An oral preparation of propranolol effectively prevented hypoxemic spells in 80 percent of 35 infants with tetral- 
ogy of Fallot. Drug dose rather than patient age was the more significant factor for the success of treatment. The 
administration of propranolol delayed surgical intervention by an average of 13.1 months and did not affect the 
surgical mortality of intracardiac repair. The only toxic effect was congestive heart failure in one patient. As a 
result of this study, treatment with propranolol (2 to 6 mg/kg per day) to delay intracardiac repair is recommend- 
ed for all small infants with hypoxemic spells due to tetralogy of Fallot. 


continued on page A32 EI 
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. Lopressor’ 

. metoprolol tartrate 
^ An antihypertensive 
~ beta-blocking agent 


d Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
— ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
- especially thiazide-type diuretics. 


. Contraindications Lopressor is contraindicated in 
- sinus bradycardia, heart block greater than first 

degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 


_ Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
- ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 

- congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 

- tiously. Both digitalis and metoprolol slow AV 
"conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
-beta-blocking agents over a period of time can, in 
“some cases, lead to cardiac failure. At the first sign 
- or symptom of impending cardiac failure, patients 
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1 and the response observed closely. If cardiac fail- 
- ure continues, despite adequate digitalization and 
— diuretic, Lopressor therapy should be withdrawn. 


_ Ischemic Heart Disease: Following abrupt cessa- 

_ tion of therapy with certain beta-blocking agents, 

| exacerbations of angina pectoris and, in some 

- cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 

discontinuing therapy, Lopressor should not be 

- withdrawn abruptly, and patients should be cau- 

- tioned against interruption of therapy without the 

physician s advice. 


Bronchospastic Diseases: PATIENTS WITH 
. BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
. ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
-= respond to, or cannot tolerate, other antihyper- 
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tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function 


Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or-marked bradycar- 
dia which may produce vertigo, syncope. or 
postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 


. induced toxicity at or below oral doses of 105 


mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed. 


Nursing Mothers: |t is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 
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Usage in Children: Safety and effectiveness in 
cFildren have not been established. 


Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type: palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


Tne oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |In addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
bances: hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis. nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 


Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ng is effective and can maintain a reduction in 
olood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained*throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 


This drug should be stored at controlled room tem- 
perature and protected from moisture. 


How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, light-resistant container (USP) 
C79-22 (8/79) 


For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information. 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 


Geigy 


ATHETER-TIP TRANSDUCER 
With a single 
catheter introduction ... 


® Single pressure recordings 


® Multiple pressure recordings 


LAB Multiple pressure with 
velocity recordings 


e Phono recordings 





LV PRESSURE 


Also...simultaneous fluid sampling or injection capabilities 


MILLAR 


*: MILLAR INSTRUMENTS, INC., 6001 Gulf Freeway, P. O. Box 18227, Houston, Texas 77023, U.S.A. ` 
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1105 Left Ventricular Volume Characteristics in Children With Tricuspid Atresia Before and After Surgery 


KENYA NISHIOKA, TETSURO KAMIYA, TADASHI UEDA, TADASHI HAYASHIDERA, CHUZO MORI, 
YUTAKA KONISHI, NORIKAZU TATSUTA and JAY M. JARMAKANI 


CU OUGENETUÁUTHPRENETVGSgySOCÁT:X 


Preoperative evaluations of 13 infants and children with tricuspid atresia disclosed decreased pulmonary blood 
| flow, significantly greater left ventricular end-diastolic volume, increased left ventricular mass, and evidence of 
; impaired left ventricular function, including a significantly reduced ejection fraction. Two months after corrective 
surgery left ventricular end-diastolic volume and left ventricular systolic index returned to the normal range and 
left ventricular ejection fraction improved. Left ventricular end-diastolic volume appears partially dependent on 
pulmonary blood flow in these patients. Chronic hypoxemia is the most likely cause for the depression in left 
ventricular function. The improved ejection fraction after a surgical shunt can be explained by the greatly im- 
proved systemic oxygen saturation and the Frank-Starling mechanism. The best choice for initial surgical treat- 
ment of infants and small children with this anomaly is the Blalock-Taussig shunt to improve systemic oxygen 
saturation without increasing the pulmonary vascular resistance. A normal pulmonary vascular resistance is es- 
sential in candidates for the Fontan procedure. 





à REPORTS ON THERAPY 


1111 Platelet Function Studies in Coronary Artery Disease. X. Effect of Dipyridamole 
JAWAHAR MEHTA, PAULETTE MEHTA, CARL J. PEPINE and C. RICHARD CONTI 


This study of the aortic and coronary venous blood of eight patients with angiographically documented significant 
coronary artery disease shows that dipyridamole therapy increases blood platelet counts and subsequently 
, modifies platelet function in coronary venous blood, presumably by affecting platelet adhesion in the atheroscle- 
| rotic vessels. In the concentrations used dipyridamole had no effect on in vitro platelet aggregation, but greatly 
F potentiated the aggregation inhibitory actions of exogenous prostacyclin. The potentially beneficial actions of 
; this agent appear to be due to its inhibitory actions on platelet adhesions and in vivo potentiation of endogenous 
prostacyclin, which has been shown to be diminished in atherosclerotic vessels. 


1115 Shortened Platelet Survival Time and Enhanced Heart Rate Responses After Abrupt Withdrawal of 
| Propranolol From Normal Subjects 


1 ROBERT E. GOLDSTEIN, LAURENCE C. CORASH, JOHN F. TALLMAN, Jr., C. RAYMOND LAKE, 
; JOHN HYDE, CRAIG C. SMITH, NORINE L. CAPURRO and JUDITH C. ANDERSON 


Data on platelet survival times and heart rate responses to exercise, upright tilt and isoproterenol in 14 normal 
subjects before and after abrupt withdrawal of propranolol (80 to 240 mg/day) given for 24 to 79 days show that 
such abrupt withdrawal is accompanied by a shortening of platelet survival, enhancement of sympathetically 
mediated reflex increases in heart rate but no uniform changes in the number of beta receptors or their sensitivi- 
ty to adrenergic agonists. The shortening of platelet survival and the increase in heart rate may play a role in the 
greater incidence of ischemic episodes after the withdrawal of propranolol from patients with coronary occlu- 
sive disease. In each subject serum obtained 26 hours after the last dose of propranolol contained no detectable 
propranolol. However, the change in blood pressure-lowering actions of propranolol tended to persist for several 
days after its abrupt withdrawal. Propranolol should be withdrawn gradually, whenever possible. When it must 
Ñ be withdrawn rapidly, patient activity should be restricted, patients closely monitored and propranolol therapy 
4 reinstituted if ischemic difficulties intervene. The administration of aspirin or other potent platelet-inhibitory 
| drugs may be useful in this situation. 


1123 Slow Release Oxprenolol in Angina Pectoris: Study Comparing Oxprenolol, Once Daily, With 
Propranolol, Four Times Daily 


JOHN O. @LOWOYEYE, UDHO THADANI and JOHN O. PARKER 


In a double-blind crossover study of 23 patients with angina pectoris, slow release oxprenolol (160 mg) adminis- 
tered once daily for 1 month did not produce as consistent a beneficial effect on exercise tolerance throughout 
the dosing schedule as did propranolol (40 mg) given four times daily. The frequency of anginal attacks during 
oxprenolol and propranolol therapy was similar but, during treadmill testing, exercise tolerance before the next 
dosing interval during oxprenolol therapy was significantly less than that at the next dosing interval after propran- 
olol therapy. The decreased exercise tolerance 24 hours after oxprenolol was associated with a lesser degree 
of beta adrenoreceptor blockade than that present after propranolol, as documented by higher levels of heart 
rate, systolic blood pressure and rate-pressure product during exercise after oxprenolol. 


continued on page A39 
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because High Point's flavor makes 


reducing caffeine enjoyable. 





Recommending full-flavored High Point 
can improve patients' willingness to 
reduce caffeine intake. 


When you feel that reduced caffeine consumption 
is therapeutically appropriate, consider recom- 
mending High Point ? Instant Decaffeinated 
Coffee. With High Point, your patients can enjoy 
the real coffee flavor they love with only 1-4 mg. 
of eaffeine per 8-ounce cup, instead of the 45-125 
mg. ina cup of regular instant coffee. High 
Point's great flavor helps patients comply with 


a caffeine-reduction regimen. 
e. 


High Point's true coffee flavor starts with a 
unique blend of premium decaffeinated coffee 
beans. A patented extra step helps preserve the 
real coffee flavor ordirarily lost during conven- 
tional decaffeinated coffee processing — yet, 
High Point is 97% caffeine free. 


High Point . . . when caffeine reduction 
is therapeutically appropriate. 


For a coupon to obtain a free jar of High Point, send a request on 
your letterhead to: Professional Services Division, P.O. Box 171, 
Cincinnati, OH 45201. 
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ystems that break the 
Itrasound barriers. 


is making breakthroughs in echocardi- 
iphy. Technological breakthroughs. 
akthroughs that provide crisper images. 
e diagnostic capability. Greater flexi- 
And all at breakthrough prices. 



















hased Array Real Time Imaging System 


nically focused 2-D sector scanner featuring unique 32 channel 
‘mance. Plus two sector-derived M-modes and a totally inde- 

ant M-mode. Compact, electronically steered, lightweight trans- 
s. Optional heart sound/pulse and respiration module. Integral, 
iced design Sony? Beta format video cassette recorder. Simulta- 
; 2-D and M-mode black and white hard copy. And more. 


zardio 80° Graphics Analyzer 

ctive quantitative analysis of two-dimensional images, M-mode 
:ardiograms and other cardiodiagnostic data. 2-D analysis from 
iy screen video or hard copy. Immediate printout of results. User 
ammable for analysis of research and special applications data. 


A 


Irex System Il M-mode Echocardiograph 

Today's leading M-mode echocardiographic system. The Irex time- 
tested and proven black and white recorder. Versatile user-oriented 
controls. High-sensitivity, noise-free echo amplification. Additional 
multichannel capability for diagnostic phonocardiograms, external 
pulse waves and auxiliary inputs. Expandable for future applica- 
tions. All Irex innovations. And, yes, more. 





Here's how Irex breaks the ba 


Technology. Innovative recording.and di 
systems specifically designed for the car 
gist. Flexible, highly sensitive echo ampli 
Dynamically focused phased array. Ultra 
resolution. Microprocessor control. State 
art, phased array transducers. Software | 
ing. High-speed digital scan conversion. 
designed. All Irex built. So you get leadin 
performance for improved diagnostic im: 


Versatility. Broadest range of cardiac di 
tic capabilities in each Irex system. Highl 
ble signal processing controls. So you ce 
form and analyze the study you want, the 
you want to do it. 


Mobility. Compact, durable systems that 
where you need them, when you need thi 


Commitment. The Irex commitment asst 
quality, reliability, continuing attention; prc 
service from factory-trained Irex represer 
tives; on-site training. So you get the mos 
your Irex system. 


Value. Irex systems give you features an 
sophistication that would cost you thouse 
more elsewhere. 


Breakthrough technology at breakthroug 
is what Irex echocardiography is all abot 
Return the coupon today for more ultra-e: 
information. 


IREX Medical Systems / IREX Internationi 
69 Spring Street, Ramsey, New Jersey 07 
(201) 327-5990, Telex: 642 393 





IREX 





Innovators in 
echocardiography 


IREX Medical Systems 
69 Spring Street, Ramsey, New Jersey 07446 


Please send information on: 


O Irex Phased Array Real Time Imaging Syste 
O Irex Cardio 80° Graphics Analyzer 

O Irex System Il M-mode Echocardiograph 

O Please call to arrange-an appointment. 
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The only once-a-day beta-blocker | 





for both 





ON: Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 
co 


2 agent. 
« ICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
degree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure— Sympathetic stimulation may be a vital component sup- 
‘porting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although beta-blockers should be avoided 
fee overt congestive heart failure, if necessary, they can be used with caution in patients 
with a history of failure who are well-compensated, usually with digitalis and diuretics. 
 Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
‘muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued 
use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
‘symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 
or discontinue nadolol (gradually if possible). 


! Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
| Hypersensitivity to catecholamines has been observed in patients withdrawn from 
| beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 

| have occurred after abrupt discontinuation of such therapy. When discontinuing chronic 
| use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
| dosage over a 1- to 2-week period and carefully monitor the patient. Reinstitute 
nadolol promptly (at least temporarily) and take other measures appropriate for 
| management of unstable angina if angina markedly worsens or acute coronary in- 
sufficiency develops. Warn patients not to interrupt or discontinue therapy without 
physician's advice. Because coronary artery disease is common and may be 
.| unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even 
.| in patients treated only for hypertension. 






















Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — PATIENTS WITH 
- BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
- BLOCKERS. Administer nadolol with caution since it may block bronchodilation pro- 






duced by endogenous or exogenous catecholamine stimulation of beta; receptors. 
Major — Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
. resulting in protracted hypotension or low cardiac output, it has generally been sug- 
gested that such therapy should be withdrawn several days prior to surgery. Recognition 
por the increased sensitivity to catecholamines of patients recently withdrawn from beta- 
blocker therapy, however, has made this recommendation controversial. If possible, 
3 withdraw beta-blockers well before surgery takes place. In emergency surgery, inform 
- the anesthesiologist that the patient is on beta-blocker therapy. Use of beta-receptor 
- agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse the 
- effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been 
- reported with beta-adrenergic receptor blocking agents. 
. Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the appearance 
- of premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of 
acute hypoglycemia. This is especially important with labile diabetics. Beta-blockade also 
_ reduces release of insulin in response to hyperglycemia; therefore, it may be necessary to 
adjust dose of antidiabetic drugs. 
Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g., 
- tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
- blockade which might precipitate a thyroid storm, carefully manage patients. suspected 
. of developing thyrotoxicosis. 
- PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with caution in 
- presence of either of these conditions (see DOSAGE AND ADMINISTRATION sec- 
tion of package insert). 
.. Information for Patients — Warn patients, especially those with evidence of coronary 
_ artery insufficiency, against interruption or discontinuation of nadolol without physician’s 
advice. Although cardiac failure rarely occurs in properly selected patients, advise 
patients being treated with beta-adrenergic blocking agents to consult physician at first 
sign or symptom of impending failure. * 
— Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blockirfg agents. When treating patients with 
- nadolol plus a catecholamine-depleting agent, carefully observe for evidence of hypoten- 
sion and/or excessive bradycardia which may produce vertigo, syncope, or postural 


. hypotension. 
| Mutagenesis, Impairment of Fertility — In 1 to 2 years’ oral 
- toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 
— In ani uction studies with nadolol, evidence of embryo- and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 





and angina pectoris 


CORGARD 


nadolol tablets 


40 mg, 80 mg, 120 mg, 160 mg scored tablets 





greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, exercise caution when nadolol is administered to a 
nursing woman. Animal studies showed that nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually 
of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, 
hypotension, and rhythm/conduction disturbances have each occurred in about 1 of 100 
patients. Single instances of first degree and third degree heart block have been reported; 
intensification of AV block is a known effect of beta-blockers (see also CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous System — 
Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDICA- 
TIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 
reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in 1 
to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculomucocutaneous syndrome associated with 
practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be considered 
potential adverse effects of nadolol. Central Nervous System — reversible mental depres- 
sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic colitis. 
Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. 
Allergic — fever combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — reversible alopecia; Peyronie's disease; erythematous rash. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In deter- 
mining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice.) 

a Bronchospasm — Administer a beta;-stimulating agent and/or a theophylline 
erivative. 


DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. , 

For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing 
of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond to | 
mg or less daily). If treatment is to be discontinued, reduce dosage gradually over a 
period of 1 to 2 weeks (see GS). 

For , usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval — see package insert 
for dosage in these patients. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per 
tablet in bottles of 100 and 1000 tablets and in Unimatic? single-dose packs of 100 tablets. 


SQUIBB 
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1128 Treatment of Vasospastic Angina Pectoris at Rest With Nitroglycerin Ointment: A Short-Term 
Controlled Study in the Coronary Care Unit 


JORGE A. SALERNO, MARIO PREVITALI, ANTONIO MEDICI, MARCELLO CHIMIENTI, EZIO BRAMUCCI, 
ROSANGELA LEPORE, GIUSEPPE SPECCHIA and PIERO BOBBA 


In this controlled study of 10 patients with vasospastic angina pectoris at rest the application of 2 percent nitro- 
glycerin ointment to the skin of the chest or abdomen every 6 hours significantly reduced the mean number of 
daily episodes of chest pain and provided effective long-lasting protection against angina due to coronary 
spasm. During nitroglycerin treatment the mean daily systolic and diastolic blood pressures were significantly 
lower (122 + 12 and 78 + 7 mm Hg, respectively) than during the placebo periods (133 + 14 and 83 + 7 mm 
Hg); and the mean daily heart rate was significantly lower. Headache, the only adverse effect in three patients, 
did not require nitroglycerin to be discontinued. Because absorption of nitroglycerin through the skin is gradual, 
larger doses can be used without precipitating the hypotension or bradycardia observed with parenteral or sub- 
lingual administration of this agent. 


1134 Electrophysiologic Effects of N-Acetylprocainamide in Human Beings 
PATRICE JAILLON, DAVID RUBENSON, FLORA PETERS, JAY W. MASON and ROGER A. WINKLE 


Data in 10 patients undergoing cardiac catheterization demonstrate that the electrophysiologic properties of N- 
acetylprocainamide (NAPA), the major metabolite of procainamide, differ from that reported for procainamide. 
NAPA increased atrial and ventricular refractory periods without increasing cardiac conduction times at the plas- 
ma concentrations studied. The failure of NAPA to change the H-V interval constitutes one major electrophysio- 
logic difference from procainamide which prolongs H-V conduction time in dogs and human beings. This study 
confirms that NAPA and procainamide have different dromotropic effects on the His-Purkinje system and that 
for the treatment of ventricular arrhythmias NAPA and procainamide should be considered totally different com- 
pounds because slowing of conduction may be important for the control of some ventricular arrhythmias. NAPA 
plasma concentrations in the range of 12 to 40 ug/ml were well tolerated by patients in the supine position. 


SYMPOSIUM: FUTURE DIRECTIONS IN EXERCISE TESTING AND EXERCISE 
ELECTROCARDIOGRAPHY —I 


1141 Introduction 
VICTOR F. FROELICHER and PAUL L. McHENRY 


1143 Progress in Computer Analysis of the Exercise Electrocardiogram 
VALMIK BHARGAVA, KIYOSHI WATANABE and VICTOR F. FROELICHER 


The development of large scale integrated electronics has led to the manufacture of microcomputers that permit 
processing of exercise electrocardiographic data without a need for large, expensive digital computers. As a re- 
sult, many innovative approaches to computerized management of exercise electrocardiographic data and vari- 
ous criteria for ischemia have become recently available. This review article assists cardiologists in search of 
some understanding in order to become more discriminating users of such computer systems and data. Most 

* provocative is the promising potential of more highly accurate assessments based on electrocardiographic sig- 
nals alone, particularly when aided by computer analysis of spatial shifts based on correlation of electrocardio- 
graphic changes with radionuclide methods of assessing myocardial perfusion and function. 


1152 Evaluation of Abnormal Exercise Electrocardiograms in Apparently Healthy Subjects: Labile 
Repolarization (ST-T) Abnormalities As a Cause of False Positive Responses 


PAUL L. McHENRY, H. W. RICHMOND, BROCK L. WEISENBERGER, JOHN S. RODWAY, 
GUY F. PERRY and JOHN W. JORDAN ý 


Long-term evaluation of 121 apparently healthy men with an abnormal S-T segment response to exercise docu- 
mented a tendency toward labile S-T or T wave abnormalities during standing rest or with hyperventilation in 61 
subjects. Their labile ST-T wave changes and the abnormal S-T segment responses to exercise were not consis- 
tently reproducible. Significant coronary artery disease was documented in 57 percent of the remaining 60 
subjects. In this study a serial conversion from a normal to an abnormal S-T segment response was not more 
predictive of underlying coronary artery disease than an initially abnormal test result. The variables with the best 


e continued on page A43 
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No taste 
problems 


Patients prefer 
Slow-K to unpalatable 


liquid. 


There are 6 years of 
U.S. clinical experience 
behind Slow-K. The 
8 mEq tablet has proved 
safe and effective in 
over 4 million patients 
in the U.S. alone.*" 


Slow-K.... | 


The gourmets 
selection 


25€ a da 
Proved record The d a day's 


therapy averages less 
of safety than a quarter.‘ 


Acceptability 
Slow-K has an 


unparalleled record 
of patient compliance. 







*Slow-release potassium chloride tablets 
should be reserved for patients who cannot 
tolerate or have compliance problems with 
liquid K preparations. The total number of 
GI lesions in both foreign countries and the 
United States remains less than one per 
100,000 patient-years. 


*Data on file, CIBA Pharmaceutical Company. 


*Average cost per day based on 
Pharmaceutical Data Services audit 


Salt of 
choice (KCI) 


The preferred salt 
to correct the hypo- 
kalemic alkalosis that 
may result after long- , 
term use of diuretics. A recipe for Success 
4 million patients, 6 years of u.s. 
linical experience 


® 





Slew- 
potassium chloride 
slow-release tablets 8 mE 





Please turn page for brief prescribing information. 
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SLOW-K® potassium chloride slow-release tablets 


DESCRIPTION 

Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg 
otassium chloride (equivalent to 8 mEq) in a wax matrix. This formulation is 

intended to provide a controlled release of potassium from the matrix to 

minimize the likelihood of producing high localized concentrations of po- 


e tassium within the gastrointestinal tract. 


INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPA- 
RATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of po- 
tassium is inadequate in the following conditions: Patients receiving digitalis 
and diuretics for congestive heart failure; hepatic cirrhosis with ascites; 
states of aldosterone excess with normal renal function; potassium-losing 
nephropathy, and certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncompli- 
cated essential hypertension is often unnecessary when such patients have 
a normal dietary pattern. Serum potassium should be checked periodically, 
however, and, if Ad eni iia occurs, dietary supplementation with po- 
tassium-containing foods may be adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 
CONTRAINDICATIONS 

In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such | gemi can produce cardiac arrest. Hyperkalemia 
may complicate any of the following conditions: chronic renal failure, sys- 
temic acidosis such as diabetic acidosis, acute dehydration, extensive 
tissue breakdown as in severe burns, adrenal insufficiency, or the administra- 
tion of a pofassium-sparing diuretic (eg, spironolactone, triamterene). 
Wax-matrix potassium chloride preparations have produced esophageal 
ulceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through 
the G.I. tract. In these instances, potassium supplementation should be with 
a liquid preparation. 

WARNINGS 

Hyperkalemia: In patients with impaired mechanisms for excreting po- 
tassium, administration of potassium salts can produce hyperkalemia and 
cardiac arrest. This occurs most commonly in patients given potassium 
intravenously but may also occur when given orally. Potentially fatal hyper- 


* kalemia can develop rapidly and be asymptomatic. Use of potassium salts in 


patients with chronic renal disease, or any other condition which impairs 
potassium excretion, requires particularly careful monitoring of the serum 
potassium concentration and appropriate dosage adjustment. 
Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a po- 
tassium-sparing diuretic (eg, spironolactone or triamterene), since the simul- 
taneous administration of these agents can produce severe hyperkalemia. 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet for- 
mulated to provide a controlled rate of release of potassium chloride and thus 
to minimize the possibility of a high local concentration of potassium ion near 
the bowel wall. While the reported frequency of small-bowel lesions is much 
less with wax-matrix tablets (less than one per 100,000 patient-years) than 
with enteric-coated potassium chloride tablets (40-50 per 100,000 patient- 
yeas) cases associated with wax-matrix tablets have been reported both in 
oreign countries and in the United States. In addition, perhaps because the 
wax-matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding associ- 
ated with these products. The total number of gastrointestinal lesions re- 
mains less than one per 100,000 patient-years. Slow-K should be 
discontinued immediately and the possibility of bowel obstruction or perfora- 
tion considered if severe vomiting, abdominal pain, distention, or gastroin- 
testinal bleeding occurs. 
Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbo- 
nate, potassium citrate, or potassium acetate. 
PRECAUTIONS 
Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia 
in a patient with a clinical history suggesting some cause for potassium de- 
pletion. In interpreting the serum potassium level, the physician should bear 
in mind that acute alkalosis per se can produce hypokalemia in the absence 
of a deficit in total body potassium, while acute acidosis per se can increase 
the serum potassium concentration into the normal range even in the pres- 
ence of a reduced total body potassium. Treatment of potassium depletion, 
particularly in presence of cardiac disease, renal disease, or acidosis, 
requires careful attention to acid-base balance and appropriate monitoring 
of serum electrolytes, electrocardiogram, and clinical status of patient. 
ADVERSE REACTIONS 
Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the 
dose with meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients. Skin 
rash has been reported rarely. à 
DOSAGE AND ADMINISTRATION 
Usual dietary intake of potassium by thg average adult is 40 to 80 mEq per 
day. Potassium depletion sufficient to cause hypokalemia usually requires 
loss of 200 or more mEq of potassium from the total body store. 
Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia 
to 40-100 mEq per day or more for treatment of potassium depletion. 
Note: Slow-K slow-release tablets must be swallowed whole and never 
crushed or chewed. 
HOW SUPPLIED 
Tablets (pale orange, sugar-coated), each containing 600 mg (8 mEq) po- 
tassium chloride; bottles of 100, 1000 and Accu-Pak® blister units of 100. 
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the knowledge of world-renowned specialists to help 
you understand, diagnose, and manage infections 
which strike patients with: 

Diabetes / Alcoholism / Cancer / Drug Addiction / 
Rheumatic Disease / Uremia / Pulmonary Disease / 
Hepatic Insufficiency / Allograft Transplantation, etc. 
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Infections in the Abnormal Host discusses 
in 36 revealing chapters the mechanics 
of host defenses .. . the various under- 
lying disorders and the latest treatments 
oy chemotherapy, management of agran- 
ulocytosis, immunological reconstitution, 
passive and active immunotherapy, and 
immunostimulation. 


Consultation and study of Infections wil! help you understand, 
diagnose, and manage the many infections which strike patients 
whose defense mechanisms are down. 
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and Drug Abusers * Infections Complicating Uremia and Organ Trans- 
plantation » Infections in Patients with Neoplastic Diseases « Infections 
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Pneumonias « Host Deficiency States and Central Nervous System Infec- 
tions * Genitourinary Infections « Infections Complicating the Rheumatic 
Diseases * Endovascular and Prosthetic Implant Infections « Intraocular 
Manifestations of Systemic Infections * Selected Histopathologic Respon- 
ses * The Microbiology Laboratory in Diagnosis and Therapy « Infections 
Complicating Surgical or Functional Splenectomy and Gastrectomy 
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specificity and predictive values during exercise were downsloping S-T segment depression (62 percent sensi- 
tivity), a decrease in systolic blood pressure (32 percent sensitivity) and negative U waves (27 percent sensitivi- 
ty). All subjects with coronary artery disease and downsloping S-T segment depression during exercise also had 
S-T depression of 2.5 mm or more during exercise. 


1161 Variations in Normal Electrocardiographic Response to Treadmill Testing 


VICTOR F. FROELICHER, ROGER WOLTHUIS, JOSEPH FISCHER, GREGORY UHL with the technical 
assistance of SHELMAR O'CONNELL and NEIL KIESER 


This study of 40 clinically healthy men demonstrated the electrocardiographic response of lead V5 and four bipo- 
lar leads to maximal testing and provides a set of reference values for the ranges and variability of the normal 
response to treadmill testing of leads V; and CMs. At lower exercise heart rates a striking variability of R wave 
response was recorded and many normal persons showed significant increases in R wave amplitude. At maxi- 
mal exercise most subjects demonstrated a decline in R wave amplitude, some an increase and others a slight 
decrease. During recovery R wave amplitude remained decreased in lead Vs but increased in lead Y. Junctional 
depression appears to be the result of competition between normal repolarization and delayed terminal depolar- 
ization forces and is related to the presence of negative potentials over the left lower sternal border during early 
repolarization. 


1168 Computer Quantitation of Q-T and Terminal T Wave (aT-eT) Intervals During Exercise: Methodology 
and Results in Normal Men 


JACQUELINE O'DONNELL, SUZANNE B. KNOEBEL, D. EUGENE LOVELACE and PAUL L. McHENRY 


Computer-quantitated measurements of the Q-T interval, the Q-T/Q-T, ratio and the terminal T wave (aT-eT in- 
terval) in resting and exercise electrocardiograms of 130 normal men with a mean age of 40 years shown a Q- 
T/Q-T, ratio of greater than 1.08 was observed in the majority during exercise. Unlike the Q-T interval, which is 
substantially influenced by many factors, the aT-eT interval, which can be measured with a high degree of reli- 
ability during exercise, may prove a relatively more specific indicator of repolarization alterations that occur with 
myocardial ischemia. It is neither age- nor heart rate-dependent. The shortening of the aT-eT interval during 
maximal exercise is the result of complex neurohumoral influences. The influence of commonly used cardiac 
drugs and electrolyte or acid-base abnormalities in the aT-eT interval requires further investigation. 


DIAGNOSTIC SHELF 


1173 Termination of Circus Movement Tachycardia Utilizing an Accessory Atrioventricular Pathway by 
Retrograde Concealed Penetration of the Atrioventricular Node Through the Bundle Branch System. 
A Mechanism of Tachycardia Termination in Wolff-Parkinson-White Syndrome 


DAVID L. ROSS, ISAAC WIENER, JERONIMO FARRE, FRITS W. H. M. BAR, EDDY J. D. M. VANAGT 
and HEIN J. J. WELLENS 


Electrophysiologic studies in a 30 year old woman with the Wolff-Parkinson-White syndrome and circus move- 
ment tachycardia demonstrated that retrograde concealed penetration of the A-V node through the bundle 
branch system during anterograde left bundle branch block was the most likely mechanism for this tachycardia. 
Two reentrant circuits were found in the same heart. Sustained full cycle reentry in one circuit caused sustained 
tachycardia. The other circuit maintaining left bundle branch block consistently failed to complete a full cycle, 
yet was renewed each beat by the tachycardia cycle. Delay in a common component of both circuits (the right 
bundle branch) permitted the second circuit to complete its cycle for the first time, thereby terminating the tachy- 
cardia. Failure of bundle branch reentry to complete more than one cycle and reactivate the ventricles ensured 
termination of the tachycardia. 
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HIGH BLOOD PRESSURE EDUCATION 


Why treat hypertensio 
heart problem- 


where the basic problem is 
increased peripheral resistance? 


Most patients with sustained hypertension have normal 
cardiac output and an elevated total peripheral vascular resistance. 
Reducing cardiac output, as beta blockers do, lowers blood pressure 
but does not seem to correct the primary abnormality—increased 
peripheral resistance: 

MINIPRESS lowers elevated blood pressure through reduction 
of total peripheral resistance. 

MINIPRESS, the selective postsynaptic alpha blocker, is 
recommended for Step 2 Therapy by the Joint National Committee 
on the Detection, Evaluation, and Treatment of High Blood 
Pressure. 





as IE 1t Were a 


nipre SS linc. 


apsulesimg2mg5mg imstea 


(prazosn HCI) 


oia 
Effectively controls hypertension by beta blocke 





4 Á i 
nipress 
HUINI HCI apsules Img 2 mg mg 


= Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 


s Maintains cardiac output which allows 
patients to maintain an active life style. 


a Maintains renal blood flow and glomerular 
filtration rate so it can be used effectively 
even in patients with renal impairment. 


= Not a CNS agent so patients experience 
few of the troublesome CNS side effects 
that impair their quality of life. 


* Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
with beta-blocker therapy. 


= A small percentage of patients have 
experienced orthostatic hypotension and 
syncope. 


BRIEF SUMMARY 
MINIPRESS® (prazosin hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS* (prazosin hydrochloride) is indicated in the treatment 
of hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
patient response. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due to an excessive 
postural hypotensive effect, although occasionally the syncopal episode has been 
preceded by a bout of severe tachycardia with heart rates of 120-160 beats per minute. 
Syncopal episodes have usually occurred within 30 to 90 minutes of the initial dose of 
the drug; occasionally they have been reported in association with rapid dosage 
increases or the introduction of another antihypertensive drug into the regimen of a 
patient taking high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 196 in patients given an initial dose of 2 mg or 
greater. Clinical trials conducted during the investigational phase of this drug suggest 
that syncopal episodes can be minimized by limiting the initial dose of the drug to 1 mg, 
by subsequently increasing the dosage slowly, and by introducing any additional 
antihypertensive drugs into the patient's regimen with caution (see DOSAGE AND 
ADMINISTRATION). Hypotension may develop in patients given MINIPRESS 
who are also receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
supportively as necessary. This adverse effect is self-limiting and in most cases does not 
recur after the initial period of therapy or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS (prazosin 
hydrochloride). The 2 and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated with 
lowering of the blood pressure, namely, dizziness and lightheadedness. The patient 
should be cautioned about these possible adverse effects and advised what measures to 
take should they develop. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur duging the initiation of MINIPRESS (prazosin 
hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 
established. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 
women unless the potential benefit outweighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of MINIPRESS 
(prazosin hydrochloride) in children. 


ADVERSE REACTIONS: The most common reactions associated with MINIPRESS 
(prazosin hydrochloride) therapy are: dizziness 10.396, headache 7.896, drowsiness 
1.696, lack of energy 6.996, weakness 6.596, palpitations 5.396, and nausea 4.996. In 
most instances side effects have disappeared with continued therapy or have been 
tolerated with no decrease in dose of drug. 


B.I.D. Dosage Titration... 
the Key to Effective 
Control of Hypertension 


The usual maximum daily dosage is 20 mg 

in divided doses, although a few patients may benefit 
from increases up to 40 mg daily in divided doses. 
Initiate therapy with evening dose. 
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The following reactions have been associated with MINIPRESS (prazosin hydrochio- 
ride), some of them rarely. (In some instances exact causal relationships have not been 
established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/or 
pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinary frequency, incontinence, impotence, priapism. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have been reported. In these instances, the exact 
causal relationship has not been established because the baseline observations were 
frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate baseline 
examinations, no drug-related abnormal ophthalmological findings have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: 1 mg two or three times a day. (See Warnings). E 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly employed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few patients may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use Witb Otber Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or 2 mg 


three times a day and retitration then carried out. 


HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and unit dose 
institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in 
bottles of 250, 500 and unit dose institutional packages of 100 (10 x 10's). 

References: 1. Lowenthal DT, Whiteman MS: Hypertension & Exercise, in Lowenthal 
DT, Bharadwaja K, Oaks WW (eds): Therapeutics Through Exercise: 51st Hahnemann 
Symposium. New York, Grune & Stratton, Inc, 1979, pp 133-144. 2. Lund-Johansen P: 
Hemodynamic alterations in hypertension— spontaneous changes and effects of drug 
therapy: A review. Acta Med Scand (suppl) 603:1-14, 1977. 


More detailed information available on request. 


Pfizer LABORATORIES DIVISION ° 
PFIZER INC 





What can you expec 


t 
from a low-cost Holter System? 


t look: 


OPERATION SIMPLICITY. 


Microprocessor control automatically guides 








ONE-PASS SCAN. 





operator ‘ 
All data collected on nc h correct 
one pass through tape. procedures. 


60x or 120x scan allows Assures greater 


fast processing, with- 











/—— — qe accuracy, saves 
16' TREND REPORT. orien o bein ime 
24 hours of data in easy-to-read format. time with event. High 
Prints choice of "Abnormal" or ST Trend, speed "Search" 
plus Heart Rate Trend and 10 numerical provides rapid access 
readouts on Pauses, Early Normals, to specific times. 
various "Abnormals" and test TE 
parameters. / 
CIE eT PN rea RU NUES RED Y SAAE iy 
ims JRA lS RRS 32 SECONDS 

DUAL OF NON-FADE 
CHANNEL WAVEFORMS 
ECG with one channel 
calibrated for observed; 16 seconds 
di ti with two. System uses 
E size and width criteria 
enge, be for computerized 


recognition of 
" Abnormals." ST 
segment measurements 
are also performed. 


stopped at any 
time to write 
. sample ECG. 





Introducing 
TM , r d 
the ICR ScanMaster porad erana mnie wend reports and 


Now private practice physicians, clinics, and hos- compact, affordable ScanMaster, call toll-free: 
pitals can have the operation npn and diag- 1-800-448-1675 

nostic capability of an advanced Holter system, at z: " 4 

a moderate price. The ScanMaster gives you man In N.Y. call collect (315) 451-6960. Or write for a 
of the sophisticated features that have made IC free brochure to Instruments for Cardiac Re- 


the leader in Holter technology. Features like com- search, 7120 Henry Clay Blvd., Liverpool N.Y. 13088 
When your patients depend on you, depend on qur technology. 
i 7 Instruments for 
7120 Henry Clay Blvd., Liverpool, New York 13088 
(315) 451-6960 TWX 710-541-1544/CABLE: CARDIACRE LIPL 





" T 
i 





FAMILIAR 


- Wsmt 


- O Store at 15° 30* C (59° 86°F 
= © dry place and protect from | 
Au 1 ht "ghtre 





= Quality and economy, sustained over the years. 
a Only B.W. Co? processes from the leaf to the tablet. * na Wellcome Co. 


R h Tri le Park 
a A full range of dosage forms and strengths. Welcome / North Carolina 27709. 


v Tec NE "UU US CENE TT ee Tu J 7i " das e 


MAY 19: 


The American Journal of CARDIOLOGY 


CLINICAL STUDIES 


VOLUME : 


NUMBER 


Early Changes in Left Ventricular Size and Function After 
Correction of Left Ventricular Volume Overload 


CHARLES A. BOUCHER, MD, FACC 
JOHN B. BINGHAM, MD 

MARY D. OSBAKKEN, MD, PhD 
ROBERT D. OKADA, MD, FACC 

H. WILLIAM STRAUSS, MD, FACC 
PETER C. BLOCK, MD, FACC 
FREDERICK H. LEVINE, MD, FACC 
HARRY R. PHILLIPS, MD 

GERALD M. POHOST, MD, FACC* 


Boston, Massachusetts 


From The Cardiac Unit, Cardiovascular Surgical 
Unit and Division of Nuclear Medicine, Massa- 
chusetts General Hospital, Boston, Massachusetts. 
This study was supported in part by Research 
Grant HL21751 and HL-26215 from the U.S. Public 
Health Service, Bethesda, Maryland and Cardio- 
vascular Nuclear Medicine Training Grant 1- 
T32-H107416 from the National Institutes of 
Health, Bethesda, Maryland. Manuscript received 
April 7, 1980; revised manuscript received Jan- 
,uary 5, 1981, accepted January 8, 1981. 

* Established Investigator of the American 
Heart Association, Dallas, Texas. 

Address for reprints: Charles A. Boucher, MD, 
Cardiac Unit, Massachusetts General Hospital, 
Boston, Massachusetts 021 14. 


The ability to predict early postoperative left ventricular size and functi: 
in patients with isolated aortic or mitral regurgitation was determin 
utilizing multigated blood pool imaging before and 2 to 4 weeks after val 
replacement (aortic valve, 20 patients; mitral valve, 20 patients). Ear 
postoperatively, ejection fraction decreased significantly (p <0.001) 
both patient groups (from 0.55 + 12 to 0.40 + 0.14 [mean + 1 standa 
deviation] in patients with aortic regurgitation and from 0.66 + 0.09 to 0. 
+ 0.11 in patients with mitral regurgitation). The decrease in ejecti: 
fraction was associated with a large decrease in stroke volume wi 
minimal or no change in end-systolic volume; it was unrelated to tl 
preoperative ejection fraction. Early postoperative ejection fracti: 
correlated best with preoperative end-systolic volume and was norm 
in 14 (67 percent) of 21 patients with a preoperative ejection fracti 
above 0.60; 4 (27 percent) of 15 patients with a preoperative ejecti: 
fraction of 0.50 to 0.60; and in 0 of 4 patients with a preoperative ejecti: 
fraction below 0.50 (p <0.05). In addition, a repeated scan in 16 patien 
late (1 to 2 years) after operation showed a further reduction in en 
systolic volume in patients with aortic regurgitation with an increase 
ejection fraction toward preoperative values. There was no significa 
change in patients with mitral regurgitation. 

End-diastolic volume decreased significantly (p <0.001) early pos 
operatively (from 162 + 60 to 102 + 41 ml/m? in patients with aort 
regurgitation and from 131 + 40 to 78 + 30 mi/m? in patients with mitr 
regurgitation). This decrease was closely related to a decrease in strol 
volume and was unrelated to preoperative ejection fraction. Early pos 
operative end-diastolic volume correlated best with the preoperati 
end-systolic volume. The major part of the reduction in end-diastol 


volume occurred within 2 weeks of valve replacement. 


Removal of chronic left ventricular volume overload due to aortic 
mitral regurgitation produces a decrease in ejection fraction and en 
diastolic volume. The early reduction is in part a result of altered loadii 
conditions and may not necessarily imply alter'ations in myocardial co 
tractile function. The reduction in ejection fraction appears to persist 
patients with mitral regurgitation. 


Patients with severe left ventricular volume overload due to aortic 
mitral regurgitation may present a difficult therapeutic problem r 
garding the timing of surgical intervention. The overload is often wi 
tolerated clinically and hemodynamically, yet significant degenerati 





changes, such as fibrosis, may occur in association with 
the physiologic adaptation to chronic overload.!-^ As 
a result, when corrective valve surgery is performed, 
there may be irreversible left ventricular dysfunction, 
which may preclude an optimal surgical result.9-!? 
Postoperative analyses of left ventricular function uti- 
lizing invasive and noninvasive methods! ! 7? have been 
reported in an attempt to define better the nature and 
extent of these irreversible changes. A normal left 
ventricular size and ejection fraction are seen in some 
postoperative patients, but a reduced ejection fraction 
and persistent dilatation are evident in others. Changes 
in left ventricular size and function after valve re- 
placement for aortic or mitral regurgitation have not 
clearly been defined in a prospective series of consecu- 
tive patients. 

In this study, we utilized multigated blood pool 
-scanning to examine left ventricular volumes and ejec- 
tion fraction before and 2 to 4 weeks after valve re- 
placement in 40 consecutive patients with isolated aortic 
. or mitral regurgitation. In 16 patients, a third scan was 
obtained 1 to 2 years after valve replacement. The 
changes in left ventricular volumes and ejection fraction 
were compared with preoperative clinical variables and 
with the degree of preoperative left ventricular dilata- 
tion and dysfunction to answer the following questions: 
(1) How are left ventricular ejection fraction and vol- 
umes altered early after removal of a chronic volume 
overload? (2) How do early changes compare with late 
ostoperative changes? (3) How does correction of se- 
vere left ventricular volume overload due to aortic 
regurgitation compare with that due to mitral regurgi- 
tation in terms of postoperative changes in left ven- 
tricular size and function? 
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Methods 


Study patients: Fifty-eight patients who underwent car- 
diac catheterization were studied; they included 40 patients 
with chronic left ventricular volume overload and 18 control 
patients. The group with left ventricular volume overload 
consisted of 40 consecutive patients undergoing elective valve 
. replacement at this institution between September 1978 and 
_ December 1979 for isolated aortic or mitral regurgitation (20 
f patients each). All had had severe valve regurgitation for more 
1 than 2 months. No patient had coronary artery disease, in- 
_ traventricular conduction defects or any other associated 
- cardiac disease. Patients with perioperative myocardial in- 
farction, postoperative sepsis or clinical evidence for valve 
dysfunction postoperatively were excluded. There were 29 
men and 11 women, ranging in age from 22 to 71 (mean 51) 
years. The control group consisted of 18 patients referred for 
evaluation of chest pain who had normal left ventricular 
. function and normal coronary arteriograms at cardiac cath- 
. eterization. There were 12 men and 6 women, ranging in age 
. from 29 to 69 (mean 44) years. 
» [nthe patients with volumeeverload, preoperative symp- 
. toms of dyspnea were graded according to New York Heart 
- Association functional classification;?* electrocardiograms 
. were evaluated with the presence of left ventricular hyper- 
trophy being determined using Romhilt-Estes criteria,?° 
. cardiothoracic ratio was measured on the chest X-ray film, and 
mean pulmonary capillary wedge pressure was recorded. All 





patients had severe valve regurgitation (3+ or 4+) confirmed 
angiographically” and none had associated aortic or mitral 
stenosis. 

All patients underwent cardiopulmonary bypass and re- 
ceived a porcine heterograft valve. Myocardial preservation 
procedures included use of systemic hypothermia to 25? C and 
topical iced Ringer's lactate solution in all patients and po- 
tassium cardioplegia in 31 patients. The duration of cardio- 
pulmonary bypass and aortic cross-clamp time was noted. The 
origin of the valve regurgitation was determined from the 
history, angiographic features, surgical description and 
pathologic findings. Thirty-seven patients (93 percent) before 
operation and all patients after operation were receiving 
digitalis therapy. | 

Imaging technique: Patients with valve disease underwent 
multigated blood pool scanning within 1 month before and 
between 2 to 4 weeks after valve replacement. The control 
patients were studied within 2 days of cardiac catheterization. 
All patients were studied using technetium-99m in vivo la- 
beled red blood cells.?? Multigated blood pool scans were ob- 
tained in the anterior position and in the left anterior oblique 
position, which optimized visualization of the interventricular 
septum, using a gamma scintillation camera (Ohio Nuclear 
Series 120, Technicare Corporation, Solon, Ohio or Picker 
Dynacamera, Picker Corporation, Cleveland, Ohio) interfaced 
to an imaging computer (MUGA-CART, Medical Data Sys- 
tems, Ann Arbor, Michigan). Image collection was synchro- 
nized with the QRS complex of the electrocardiogram to ob- 
tain 28 images within the cardiac cycle. Heart rate and cuff 
blood pressure during the scan were recorded. In addition, 16 
patients (7 with aortic and 9 with mitral regurgitation) un- 
derwent a third study 1 to 2 years after valve replacement. All 
scans were reviewed by two observers who were unaware of 
the clinical data. 

Ejection fraction was determined from the left anterior 
oblique scan by a standard counts method, as follows?*.?9: 
After background subtraction, the activity in the left ventricle 
throughout the cardiac cycle was derived using a semiauto- 
mated edge detection algorithm to determine the left ven- 
tricular borders in each frame. Ejection fraction was calculated 
from the difference between the background-corrected end- 
diastolic and end-systolic counts divided by the end-diastolic 
counts. Ejection fraction values were the mean of two deter- 
minations by each observer. The lower limit of normal ejection 
fraction was considered 0.50. Prior studies from this labora- 
tory? have documented that interobserver variance (+ 2 
standard deviations) for the ejection fraction calculation is 
within 0.06. Motion of the interventricular septum was sub- 
jectively evaluated from the cinematic display of the gated 
images.?! 

Ventricular volume analysis: End-diastolic volume was 
derived from the anterior and left anterior oblique views using 
a geometric biplane area-length method.!^?? The gamma 
camera was initially calibrated using a bar phantom of known 
dimensions and a uniform technetium-99m source. From this, 
each picture element on the computer was determined to be 
equivalent in the patient to 0.40 cm using the Ohio-Nuclear 
camera and to 0.37 cm using the Picker camera. These cali- 
brations were performed daily and found to be stable. 'T'he 
frame that contained the peak activity in the left ventricular 
region of interest in the ejection fraction curve was selected 
as the end-diastolic image. The left ventricle was then man- 
ually outlined at end-diastole in each view using the region of 
interest facility of the computer (Fig. 1). On the basis of these 
calibrations, the computer determined the area in square 
centimeters and the longest possible chord in centimeters 
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within the two regions of interest in the anterior and left an- 
terior oblique views. The minor axes were then calculated in 
each view as 2-area/7-longest chord. 

The area-length formula assumes two views 90° apart; 
however, the anterior and left anterior oblique scan views are 
40 to 50? apart, which may result in foreshortening of the left 
ventricle. Accordingly, two of the axis measurements were 
adjusted to the orthogonal 30? right anterior oblique and the 
60? left anterior oblique projection, respectively, using trig- 
onometry: 


Lrao = LaANT/COS 30° (1) 


Diao 60? = Danr: Diao 
- cos 0/ V (Dant? — Dri Ao?) sin 62, (2) 


where 0 = 90? — angle of LAO view; ANT = anterior; D = 
minor axis; L = longest chord; and LAO = left anterior 
oblique. From the corrected axis measurements, end-diastolic 
volume was then derived using the formula: 








V - 4/3 x cu. Dan * Dio 60° 


In a preliminary study, we reported a correlation between 
end-diastolic volume by scan and by contrast left ventricu- 
lography with an r value of 0.80 with an interobserver vari- 
ability of 49 ml.?? Both the correlation with contrast left 
ventriculography and the interobserver variability were im- 
proved when the left posterior oblique view was used instead 
of the anterior view because of difficulties in consistently 
outlining the base and inferior wall of the left ventricle in the 
anterior view in some patients. In this study, we nevertheless 
chose the anterior view for two reasons: (1) Consistent posi- 
tioning of the camera serially at different times was easier in 
this view; and (2) the left ventricle was usually adequately 
separated from other cardiac chambers because it was en- 
larged and hypertrophied. The higher level of interobserver 
variability using the anterior view was also overcome by having 
patients serve as their own control and by having the serial 
images outlined by the same two observers. For each image, 
two end-diastolic volume values were derived by each observer 
without knowledge of the clinical and catheterization data. 
Using a two-way analysis of variance, interobserver variance 
was 28 ml/m? (+ 2 standard deviations), whereas intraobserver 
variance was only 8 ml/m?. 

Stroke volume was calculated as the ejection fraction 
multiplied by the end-diastolic volume, and end-systolic 
volume as the difference between end-diastolic volume and 
stroke volume. This approach avoided geometric assumptions 
concerning the shape of the left ventricle in end-systole. All 
ventricular volumes were corrected for body surface area and 
expressed in milliliters per square meter. 

The values in the control group were utilized to define a 
mean and 2 standard deviation upper limit of normal (latter 
in brackets) for end-diastolic volume (46 ml/m? [72]), stroke 
volume (29 ml/m? [47]) and end-systolic volume (17 ml/m? 
[31]). 

Data analysis: The mean values for left ventricular size and 
function in study patients were compared before and after 
operation using a paired £ test, and values in patients with 
aortic were compared with values in patients with mitral 
regurgitation using a one-way analysis of variance followed 
by a Newman-Keuls multiple comparison test. All values were 
expressed as mean + 1 standard deviation. Comparisons of 
differing frequencies were analyzed using the chi-square 
method. Individual preoperative and postoperative values and 
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FIGURE 1. Derivation of absolute end-diastolic volume from the gated — 
blood pool scan by area-length analysis. The anterior (ANT) view is on 
the left and the left anterior oblique (LAO) view is on the right. After the — 
edge of the left ventricle (LV) is manually outlined, the computer gen- 
erates the area and the longest axis within the region of interest. The — 
end-diastolic volume is then derived from the two areas and two long | 
axes (see text for details). | 


their differences for ejection fraction, end-diastolic volume, 
stroke volume, end-systolic volume, heart rate and systolic © 
blood pressure as well as age, New York Heart Association ~ 
functional class, cardiothoracic ratio, mean pulmonary cap- 
illary wedge pressure, duration of aortic cross-clamping and ~ 
duration of total cardiopulmonary bypass were correlated - 
using linear regression analysis. In addition, the best predic- 
tors of the preoperative and postoperative ejection fraction © 
and end-diastolic volume and the magnitude of change in 
ejection fraction and end-diastolic volume with surgery were 
determined using a stepwise multiple regression analysis.?? 
The variables that significantly contributed to the regression 
(p <0.05) were determined and the partial F values, multiple 
correlation coefficient (R?) and the standard deviation of the — 
residuals as a percent of the mean response were derived. The © 
multiple correlation coefficient was expressed as the addi- 
tional percent of the variation around the regression explained 
by each variable sequentially included. The residual standard 
deviation was the percent of the total variation not explained 
by all the listed variables. Although ejection fraction and 
end-diastolic volume are not independent variables statisti- 
cally, they are physiologically independent and therefore their 
use in this analysis as independent variables may be justified 
and is consistent with prior analyses.*4:°° 
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_ FIGURE 2. Case 5 (Table II). End-diastolic and end-systolic left anterior 
- oblique images before (Preop) and early after aortic valve replacement 
- (Post AVR) in a 38 year old man with aortic regurgitation. Postopera- 

tively, there is a striking decrease in the size of the left ventricle at 
. end-diastole and a small decrease in the size of the left ventricle at 
- end-systole. Ejection fraction was 0.53 preoperatively and 0.47 early 
_ postoperatively. 
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FIGURE 3. Case 6 (Table III). End-diastolic and end-systolic left anterior 
oblique images in a 57 year old man with mitra! regurgitation before 
(Preop) and early after mitral valve replacement (Post MVR). Postop- 
eratively, there is a striking decrease in the size of the left ventricle at 
end-diastole and no apparent change in the size of the left ventricle at 
end-systole. Ejection fraction was 0.74 preoperatively and 0.54 early 
postoperatively. 


mitral regurgitation are shown in Figures 2 and 3. In 
both groups of patients, the ejection fraction and end- 
diastolic volume decreased dramatically. End-systolic 
volume appeared smaller after operation for aortic 
regurgitation, but was unchanged after operation for 
mitral regurgitation. Interventricular septal motion was 
normal in all but three patients preoperatively but was 
abnormal in all patients early postoperatively. 

Preoperative clinical and catheterization data 
(Table I): The preoperative clinical findings are sum- 
marized in Table I. The patients with aortic and mitral 
regurgitation had comparable ages and were predomi- 
nantly male. Patients with mitral regurgitation more 
frequently were in functional class III or IV than were 
those with aortic regurgitation (p <0.01), whereas pa- 
tients with aortic regurgitation were more frequently 
asymptomatic (p «0.01). Atrial fibrillation was more 
common in patients with mitral regurgitation (p «0.01 ). 
'The cardiothoracic ratio was not significantly different 
in the two patient groups. The pulmonary capillary 
wedge pressure was higher in patients with mitral than 
in those with aortic regurgitation (p «0.01 ). 

Early postoperative data: The individual and mean 
values for ejection fraction, ventricular volumes, heart 
rate and systolic blood pressure before and early after 
operation are shown for patients with aortic and mitral 
regurgitation in Tables II and III, respectively. In pa- 
tients with aortic regurgitation, mean ejection fraction, 


TABLE | 


Clinical Findings in 40 Patients With Left Ventricular 
Volume Overload 


Aortic Mitral 
Regurgitation Regurgitation 
(n = 20) (n = 20) 
Age (range; mean + 1 SD) 22-70; 23-71; 
49+ 14 53 + 12 
Male/female ratio 16 (80%)/ 13 (65%)/ 
4 (20%) 7 (35%) 
NYHA class?4 
| 8 (40%) 0 (096) 
I 4 (2096) 7 (3596) 
IIl or IV 8 (4096) 13 (65 96)! 
Etiology 
Endocarditis 5 °0 
Myxomatous valve 5 7 
Rheumatic 7 5 
Ruptured chordae tendineae = 8 
Bicuspid valve 3 
Electrocardiogram 
Sinus rhythm 16 (80%) 9 (45%) 
Atrial fibrillation 4 (20%) 11 (55%)* 
Left ventricular hypertrophy 17 (85%) 10 (50%)* 
Cardiothoracic ratio 0.58 + 0.04 0.56 + 0.04 


(chest X-ray film) 


PCWP (mm Hg) 9+4 16+ 5! 
Aortic cross-clamp time (min) 56 + 20 45+ 14 
Total cardiopulmonary 83 + 22 100 + 36 


bypass time (min) 


* p <0.05. ! p <0.01. 

Values are expressed as mean + 1 standard deviation or number 
of patients. 

NYHA = New York Heart Association; PCWP = pulmonary capillary 


wedge pressure; SD = standard deviation. 
e 
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end-diastolic volume and stroke volume decreased by 
27, 37 and 58 percent, respectively (p «0.001). The mean 
end-systolic volume decreased by a smaller amount, 14 
percent (p <0.05). These changes were associated with 
a 14 percent decrease in mean systolic arterial pressure 
(p <0.01) and a 16 percent increase in mean heart rate 
(p <0.01). In patients with mitral regurgitation, mean 
ejection fraction, end-diastolic volume and stroke vol- 
ume decreased by 27, 40 and 58 percent, respectively (p 
<0.001). The mean decrease in end-systolic volume (7 
percent) was not statistically significant. There was no 
significant change in mean systolic arterial pressure, but 
mean heart rate was 15 percent higher postoperatively 
(p «0.05). 

The mean ventricular volumes in patients with aortic 
and mitral regurgitation before and early after operation 
are illustrated in Figure 4 and summarized in Table IV. 
Preoperatively, aortic regurgitation was associated with 
a lower ejection fraction (p «0.01), a larger end-systolic 
volume (p «0.01) and a higher systolic arterial pressure 
(p <0.01). Stroke volume was similar in both patient 
groups. Early postoperatively, the changes in all values 
did not differ significantly in the two patient groups, but 
end-systolic volume and systolic arterial pressure re- 
mained higher in patients with aortic than in those with 
mitral regurgitation (p «0.05). 

Late postoperative data: Mean values for ejection 
fraction, end-diastolic volume, stroke volume and 
end-systolic volume in the 16 patients studied late 
postoperatively are shown in Table V. The preoperative 
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and early postoperative values in this subset were 
comparable with the mean values in the total study y 
group. 

Among the seven patients with aortic regurgitation 
studied late, ejection fraction decreased early postop- 
eratively (p <0.01) and then increased late postopera- 
tively (p <0.05). There was no difference between the 
preoperative and late postoperative values for ejection 
fraction. Between early and late scans, there was no 
significant change in stroke volume, heart rate or sys- | 
tolic blood pressure. However, end-systolic volume 
decreased late postoperatively (p <0.01). Of the total 
reduction in mean end-systolic volume, the major part 
(79 percent) occurred late postoperatively. Of the total 
mean reduction in end-diastolic volume, the major part 
(68 percent) occurred early postoperatively. : 

In the nine patients with mitral regurgitation studied 
late, ejection fraction decreased early postoperatively 
(p <0.01) and did not change significantly from the 
early to the late postoperative study. The late postop- 
erative ejection fraction remained significantly below 
the preoperative value (p <0.05). Between early and late 
scans, there was no significant change in end-diastolic 
volume, stroke volume, end-systolic volume, heart rate 
or systolic blood pressure. 

Ejection fraction analysis: The individual preop- 
erative and early postoperative ejection fraction values - 
are illustrated in Figure 5. Sixteen (80 percent) of the 
20 patients with aortic regurgitation and all 20 patients 
(100 percent) with mitral regurgitation had a “normal” 









TABLE Il 
Selected Data in 20 Patients With Aortic Regurgitation 
Preoperative Postoperative 
Age HR HR 
(yr) & NYHA (beats/ SBP EDVI SVI ESVI (beats/ SBP EDVI SVI ESVI. 
Case Sex Etiology Class** min) (mm Hg) EF (ml/m?) (ml/m?) (ml/m?) min) (mmHg) EF  (ml/m?) (ml/m?) (ml/m?) - 
1 33M Rheumatic | 79 150- 0.54. "225 121 104 80 115 0.38 113 43 43 
2 36M Anuloaortic | 110 150 0.64 82 52 30 100 125 0.58 56 32 24 
ectasia | 
3 37M Rheumatic | 75 140 0.50 267 134 134 100 130 0.27 93 25 68 | 
4 38M Rheumatic | 70 150 0.41 225 92 133 85 110 0.17 160 27 133 | 
5 38M Bicuspid valve | 68 215 0.53 186 99 87 94 130 O47 111 52 59 
6 54M Endocarditis | 76 160 0.56 116 65 51 74 110 . 0.50 83 42 42 
i’ ~ SOF Myxomatous valve | 60 140 0.81 79 64 15 85 120 0.56 59 33 26 
8 70M Bicuspid valve | 70 160 0.67 85 37 28 85 130 0.59 68 40 28 
9 22M Myxomatous valve Il 68 140 6:57 132 95 57 120 136 0.33 119 39 80 
10 28F Rheumatic I 75 180 058 141 82 59 92 160 0.32 71 23 48 
11 40M Bicuspid valve ll 65 110 062 190 118 72 85 110 0.47 70 33 37 
12 48F Myxomatous valve II 70 120 0.36 232 84 148 84 120 0.24 149 36 113 
13  42F Myxomatous valve Ill 70 120 0.64 142 91 51 84 100 0.63 55 35 20 
14 57M Rheumatic I 85 150 0.60 179 107 30 86 135 0.33 91 72 61 
15 61M Endocarditis Il 66 140 0.56 214 120 94 100 138 0.34 92 31 61 
16 64M Endocarditis Hl 54 150 0.60 145 87 58 60 130 9.30 118 35 83 
17 61M Endocarditis IV 110 120 0.55 83 46 37 88 130 0.62 63 39 24 
18 62M Endocarditis IV 75 192 .0:58 . 119 67 52 75 126° 0.29 100 29 71 
19 64M Rheumatic IV 80 120 0.39 226 88 138 78 110 0.26 198 52 147 
20 65M Bicuspid valve IV 80 110 0.29 195 57 138 75 90 0.26 176 46 130 
Mean 49 75 143 0.55 162 85 77 87* 123! 0.40! 1027 36! 66* 
+1 14 14 25 0.12 60 26 43 13 16 0.14 91 8 39 
SD 


* Probability (p) <0.05. ! p «0.001. 
EDVI — end-diastolic volume index; EF — ejection fraction; ESVI — 
SBP = cuff systolic blood pressure; SVI = stroke volume index. 
LJ 





end-systolic volume index; HR = heart rate; NYHA = New York Heart Association; i 
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Selected Data in 20 Patients With Mitral Regurgitation 









Preoperative Postoperative 
Age HR HR 
(yr) & NYHA (beats/ SBP EDVI SVI ESVI (beats/ SBP EDVI SVI ESVI 

Case Sex Etiology Class?^ min) (mm Hg) EF (ml/m?) (ml/m?) (ml/m?) min) (mmHg) EF  (ml/m?) (ml/m?) (ml/m?) 
1 23M Rheumatic I 75 95 0.69 71 49 22 90 100 0.60 67 40 27 
m2 31M . Myxomatous valve I 70 fou OT ~ 184 142 42 95 110 0.64 64 41 23 
ES 40F Myxomatous valve I 86 90 0.68 84 57 30 80 110 0.77 59 45 14 
4 47M Ruptured chordae I 120 150. AXK5T 135 67 66 90 120 0.36 96 35 61 
= 5  54F Ruptured chordae I 85 120. OWS... 127 93 34 100 110: . 0451 59 24 35 
LE 57M Ruptured chordae Il 80 130 0.74 149 110 39 75 115 0.54 71 38 33 
7 61M Myxomatous valve Il 55 120 . OS? , 196 131 65 140 120 0.41 165 68 97 
8 37M  Myxomatous valve Hl Fg 120 —0:70 * 214 150 64 95 120 0.25 84 21 63 
9 52M Myxomatous valve Hl 108 105 ..0,66.,- 126 83 43 100 125 0.43 67 29 38 
10 52F Rheumatic Il 80 115 O52 +167 70 97 90 90 0.44 124 55 69 
11 52M Ruptured chordae Hl 80 105," Ufo. 130 99 31 98 116 0.55 68 37 31 
E12 56M Rheumatic Hl 80 115 » 0:60: 136 82 54 61 108 0.86 . 112 63 49 
13 58F Rheumatic Ill 65 118. 062 -146 91 56 88 120 0.50 76 38 38 
14 59M Ruptured chordae Il 102 90 0.63 82 52 30 100 100 0.48 40 19 21 
15 66M Ruptured chordae Il 60 100 0.62 76 47 29 85 124 0.51 31 16 15 
HO  67F Ruptured chordae Hl 75 140 0.71 94 67 27 84 120 0.39 81 32 49 
17 YF Rheumatic lll 88 140 O65 111 72 39 100 100 0.44 76 33 43 
18 55M Ruptured chordae IV 80 125. 0.66 “136 90 46 108 124 0.43 63 27 36 
nan —59F Myxomatous valve IV 115 130 - "0.72 96 69 27 100 110 0.49 62 30 32 
20 60M  Myxomatous valve IV 64 140 0.60 161 97 64 90 110 0.36 93 34 60 








~ * p <0.05. ! p «0.001. 
—A Abbreviations as in Table Il. 








with aortic regurgitation (p <0.01) and 11 (55 percent) 
of the 20 with mitral regurgitation (p «0.001) had a 
normal ejection fraction. Among the 36 patients with 
a normal preoperative ejection fraction, fewer patients 
with a preoperative value of 0.50 to 0.60 than patients 
with a higher preoperative value had a normal ejection 
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reduced ejection fraction preoperatively (all with aortic 
regurgitation), the ejection fraction remained abnormal 
early postoperatively. 

The best fit correlates for ejection fraction using 
multiple regression analysis are shown in Table VI. 
Preoperative ejection fraction did not correlate signif- 
icantly with functional class, age, origin of valve regur- 
gitation, electrocardiographic left ventricular hyper- 
trophy, presence of atrial fibrillation, cardiothoracic 
ratio or mean pulmonary capillary wedge pressure. 


SV(mi/ MÊ) 
| FIGURE 4. Mean ventricular volumes (ml/m?) and ejec- 
tion fraction (EF) before (PREOP) and early after (POSTOP) 
valve replacement in patients with aortic and mitral 
ESV (ml. J/M) regurgitation. There was a comparable decrease in mean 


ejection fraction and mean stroke volume (SV) in both 
patient groups. Mean end-systolic volume (ESV) de- 
creased slightly in patients with aortic regurgitation (p 
<0.05), but did not change significantly in those with 


mitral regurgitation. 
9 





TABLE IV 
Comparison of Data in Aortic and Mitral Regurgitation 
Aortic Mitral 
Regurgitation Regurgitation p 
Ejection fraction 
Preop 0.55 + 0.12 0.66 + 0.09 «0.01 
Postop 0.40 + 0.14' 0.48 + 0.11! NS 
Difference 0.15 + 0.10 0.18 + 0.12 NS 
EDVI (ml/m?) 
Preop 162 + 60 131 + 40 NS 
Postop 102 + 41! 78 + 30! «0.05 
Difference 60 + 47 53-4: 32 NS 
SVI (ml/m?) 
Preop 85 + 26 86 + 30 NS 
Postop 36 + 8! 36 + 14! NS 
Difference 49 + 29 50 + 30 NS 
ESVI (ml/m?) 
Preop 77 X 43 45+ 19 «0.01 
Postop 66 + 39* 42 t 21 «0.05 
Difference 11 X 24 3 X 14 NS 
HR (beats/min) 
Preop 75 = 14 81+ 17 NS 
Postop 87 t 13* 93 + 15° NS 
Difference 12 17 12+ 24 NS 
SBP (mm Hg) 
Preop 143 + 25 E21 17 <0.01 
Postop 123 + 16* 113+ 9 «0.01 
Difference 20 + 21 8+ 19 NS 


* Probability (p) «0.05, compared with preoperative value. 
t p «0.001 compared with preoperative value. 

Values are mean +1 standard deviation. 

NS = not significant; p = probability; Postop = postoperative; Preop 
— preoperative; other abbreviations as before. 


Preoperative ejection fraction correlated best with 
preoperative end-systolic volume (r = —0.88 in aortic 
regurgitation [p <0.001] and r = —0.71 in mitral regur- 
gitation [p «0.01]). The cardiothoracic ratio slightly 
improved the multiple correlation coefficient for pre- 
operative ejection fraction in patients with aortic 
regurgitation, but not in those with mitral regurgita- 
tion. 


TABLE V 
Data in 16 Patients Undergoing Late Postoperative Scans 
Aortic Mitral 
Regurgitation Regurgitation 
(n = 7) (n = 9) 
Ejection fraction 
Preop 0.56 + 0.16 0.66 + 0.07 
Early postop 0.42 + 0.147 0.46 + 0.127 
Late postop 0.52 + 0.19: 0.51 + 0.12* 
EDVI (mi/m*) 
Preop 155 + 70 133 + 44 
Early postop 109 + 53 TZE 17*. 
Late postop 87 + 31° ? 75 + 20° 
SVI (ml/m?) i 
Preop 79 4 29 89 + 34 
Early postop 40+ 11! 32+ 7! 
Late postop 45 t 9! 38 + 12t 
ESVI (ml/m^) 
Preop 76 + 30 46+ 16 
Early postop 69 + 26° 40 + 16* 
Late postop 42+ 14! 1 37 + 11° 


* p <0.05, compared with preoperative value. ' p <0.01, compared 
with preoperative value. * p <0.05, compared with early postoperative 
value. 

Values are mean +1 standard deviation. 
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FIGURE 5. Individual values for ejection fraction before (Pre-OP) and 


early after (Post-OP) surgery are plotted; mean values (A) are als 0 


shown. Preoperatively, only four patients with aortic regurgitation had 


an ejection fraction below normal. After operation, 13 patients with - 


aortic regurgitation and 9 with mitral regurgitation had an ejection 
fraction below normal. The lower limit of normal (0.50) is represented 


| 


by a broken line. P 
, 


Early postoperative ejection fraction was best pre- 


dicted by the preoperative end-systolic volume (r = 


i 


—0.77 in aortic regurgitation [p <0.001] and r = —0.48 - 


in mitral regurgitation [p «0.05]) (Fig. 6). The regres- 


| 


sion line for aortic and mitral regurgitation did not | 
differ significantly using an analysis of covariance. The | 
early postoperative ejection fraction correlated signif- | 


icantly with the preoperative ejection fraction in aortic. 


regurgitation only (r = 0.70, p <0.01). : 


The magnitude of the early postoperative decrease 
in ejection fraction correlated best with the decrease 


in stroke volume (r = 0.52, p <0.05 in aortic regurgita- 


tion and r = 0.71, p «0.001 in mitral regurgitation). 
However, multiple regression analysis demonstrated: 
that the decrease in end-systolic volume was as impor- 


tant as the decrease in stroke volume. Partial F values. 
for reduction in stroke volume and in end-systolic vol- - 
ume did not differ significantly in patients with aortic — 


and mitral regurgitation. Therefore, although the de- 


crease in mean ejection fraction was related to the de- 


crease in mean stroke volume, individual variations in - 
the postoperative reductfon in ejection fraction were - 


equally dependent on changes in end-systolic volume 


with surgery. The reduction in ejection fraction after — 
operation correlated with the preoperative stroke vol- | 
ume in patients with mitral regurgitation (r = 0.52, p 
« 0.05) but not in those with aortic regurgitation. The - 
decrease in ejection fraction was not significantly re- - 


lated to preoperative values for ejection fraction, end- 
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TABLE VI 


Stepwise Multiple Regression Analysis of Ejection Fraction 


Aortic Regurgitation Mitral Regurgitation 














5 F Value Residual F Value Residual 
| (p <0.05) R? SD (p <0.05) R? SD 
: |. Preoperative Ejection Fraction 
Preop ESV 331.0 83% 1096 549.2 5196 9 96 
Preop SV 22.9 9 96 7 96 306.5 46% 2% 
CT ratio 11.1 5% 5% i ee ate 
Total 116.4 97 % v 321.4 97 96 
B. I. Early Postoperative Ejection Fraction 
reopESV 50.2 62 96 2596 9.3 2396 22% 
=SV reduction 10.5 13% 19% 5.5 19 96 19 96 
Total 25.1 7596 XM 6.1 42% SY. 
k- Ill. Reduction in Ejection Fraction Early Postoperatively 
SV reduction. 66.0 27 96 59 96 32.6 50 96 49 96 
SV reduction 48.0 54% 31% 18.2 26% 35% 
NN 26.9 7696 " 


‘otal 36.0 81% 





E CT ratio = cardiothoracic ratio; ESV = end-systolic volume; p = probability; R? = multiple correlation coefficient; SD = standard deviation; 


SV = stroke volume. 
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poii volume, clinical variables or mean pulmonary 

pillary wedge pressure, change in heart rate or systolic 

blood pressure or duration of aortic cross-clamping or 
ardiopulmonary bypass. 

i Individual ejection fraction values in the 16 patients 
ho underwent late scanning are shown in Figure 7. 

The five patients with aortic regurgitation whose pre- 


operative ejection fraction was greater than 0.50 had a. 


change in ejection fraction between early and late 
postoperative studies of +0.08 to +0.24 (mean +0.14), 

whereas the two patients whose preoperative value was 
below 0.50 had changes of +0.04 and —0.06. In the pa- 
tients with mitral regurgitation, the changes in ejection 
P? 


| 


AORTIC REGURG/TATION 


FR 


. POSTOP EJECTION 


01 


0 30 90 .T7T0O. 90000 





20 40 60 80 
PREOP END-SYSTOLIC VOLUME (ml/M4) 


100 120 


fraction from the early to the late postoperative studies 
varied considerably (from —0.11 to +0.21 [mean +0.06]), 
but the changes did not correlate with preoperative 
value.  . 

The best fit correlates of the late postoperative 
ejection fraction were different in patients with aortic 
and mitral regurgitation. In those with aortic regurgi- 
tation, preoperative end-systolic volume was the best 
correlate (F = 204.8, R? = 91 percent, p <0.001), but 
cardiothoracic ratio also contributed slightly to the re- 
gression (F = 8.8, R? = 7 percent, p <0.05). In patients 
with mitral regurgitation, preoperative mean pulmonary 
capillary wedge pressure was the only preoperative 


MITRAL REGURGITATION 


FIGURE 6. Correlation of early postoperative (POSTOP) 
ejection fraction with preoperative (PREOP) end-systolic 
volume in patients with aortic regurgitation (r = —0.77, 
p <0.001) and in those with mitral regurgitation (r = 
—0.48, p <0.05). In the group with aortic regurgitation, 
postoperative ejection fraction = —0.0026 (preoperative 
end-systolic volume) + 0.60; in the group with mitral 
regurgitation, postoperative ejection fraction = —0.0029 
(preoperative end-systolic volume) + 0.61. 
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FIGURE 7. Individual ejection fraction values in the 16 
patients who also had late postoperative (Postop) scans 
(7 with aortic regurgitation [left] and 9 with mitral 
regurgitation [right]). Mean values (A) + 1 standard de- 
viation are shown. Probability (p) values compare values 
in the prior scan. In patients with aortic regurgitation, 
mean ejection fraction decreased early postoperatively 
(p <0.01) and then increased (p <0.05) toward the pre- 
operative (Preop) value late postoperatively. In those with 
mitral regurgitation, the mean ejection fraction decreased 
early postoperatively (p <0.01) and did not change sig- 
nificantly between the early and late postoperative scans. 
NS = not significant. 
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correlate of late postoperative ejection fraction (F = 
23.5, R? = 80 percent, p <0.01). 

End-diastolic volume analysis: The individual 
preoperative and postoperative end-diastolic volume 
values are plotted in Figure 8. Nineteen (95 percent) 
patients with aortic regurgitation and 19 (95 percent) 
with mitral regurgitation had an end-diastolic volume 
above the normal range before operation. Early post- 
operatively, fewer patients had an increased end-dia- 
stolic volume: only 13 (65 percent) patients with aortic 
regurgitation (p <0.05) and 9 (45 percent) patients with 
mitral regurgitation (p <0.001). 

The best fit correlates for end-diastolic volume are 
shown in Table VII. The preoperative end-diastolic 
volume did not correlate with preoperative clinical 
variables, but correlated with both preoperative end- 
systolic volume and stroke volume. The F values were 
not significantly different. 

Early postoperative end-diastolic volume correlated 
best with preoperative end-systolic volume, r = 0.81 in 
aortic regurgitation (p <0.001) and r = 0.72 in mitral 
regurgitation (p <0.001) (Fig. 9). The regression line for 
aortic regurgitation and mitral regurgitation did not 
differ significantly as assessed by analysis of covar- 
iance. 


The magnitude of the early postoperative decrease | 


in end-diastolic volume correlated best with the de- 
crease in stroke volume, r = 0.92 in aortic regurgitation 
(p <0.001) and r = 0.91 in mitral regurgitation (p 
<0.001). The early reduction in end-diastolic volume 
also correlated well with the preoperative stroke volume, 
r = 0.91 in aortic regurgitation (p <0.001) and r = 0.78 
in mitral regurgitation (p <0.001). The decrease was not 
significantly related to preoperative ejection fraction, 
preoperative end-systolic volume, preoperative clinical 
variables, mean pulmonary capillary wedge pressure, 
changes in heart rate, changes in systolic blood pressure 
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aortic cross-clamp time or total cardiopulmonary bypass 
time during valve replacement. End-diastolic volume | 
decreased further between early and late postoperative | 
scans in aortic regurgitation but no apparent further 
reduction occurred in mitral regurgitation. q 
Stroke volume: Preoperative stroke volume was - 
above normal in all patients. The early postoperative - 
stroke volume was within the normal range in 18 (90 | 
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Pre-OP Post-OP = Pre-OP Post-OP 


FIGURE 8. Individual end-diastolic volume values before (Pre-OP) and 

early after (Post-OP) valve replacement. Mean values (A) are also 
shown. Preoperatively, end-diastolic volume was above the range of — 
normal in all but two patients. Postoperatively, it decreased in all pa- 
tients, becoming normal in 7 and 11 patients with aortic and mitral - 
regurgitation, respectively. The upper limit of normal (72 ml/m?) is — 
represented by a broken line. | 
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- TABLE VII 











Stepwise Multiple Regression Analysis of End-Diastolic Volume 

i) sss sy 

| Aortic Regurgitation Mitral Regurgitation 

à F Value Residual F Value Residual 

E (p <0.05) R? SD (p <0.05) R? SD 

E 

t |. Preoperative End-Diastolic Volume* 

F Preop ESV 95.0 8896 14% 18.7 52% 28% 

h Preop SV 19.8 60 96 25 96 71.7 8196 1496 

| ll. Early Postoperative End-Diastolic Volume 

| Preop ESV 42.7 67 96 2496 18.7 52 96 28 96 
Preop PCWP 7.2 1396 19 96 eod de Jes 
Preop SV 5.7 6 96 17 96 

... Total 24.5 86% a 

| Il. Reduction in End-Diastolic Volume Early Postoperatively 

SV reduction 97.5 8496 32 96 83.1 82 96 26% 
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* Multiple regression determined for end-systolic volume excluding stroke volume and vice versa. 
ESV = end-systolic volume; p = probability; PCWP = mean pulmonary capillary wedge pressure; R? = multiple correlation coefficient; SD = 


. standard deviation; SV = stroke volume. 


percent) patients with aortic regurgitation and in 18 (90 


. percent) with mitral regurgitation. The early postop- 
erative decrease in stroke volume was closely related to 
- the preoperative stroke volume (r = 0.92, p «0.001 for 
aortic regurgitation and r — 0.90, p «0.001 for mitral 
. regurgitation). Early postoperative stroke volume was 
. not significantly related to preoperative stroke volume. 


There was no significant change in stroke volume be- 

tween the early and late postoperative studies. 
End-systolic volume: Before operation, end-systolic 

volume was above normal in 17 (85 percent) patients 


_ with aortic regurgitation and in 14 (70 percent) patients 
with mitral regurgitation. In patients with aortic 


regurgitation, end-systolic volume decreased signifi- 





cantly after valve replacement (p «0.05), the greatest 
reduction occurring in patients with the largest preop- 
erative end-diastolic volume (r = 0.58, p «0.05) and 
stroke volume (r = 0.64, p «0.01). The decrease in 
end-systolic volume also correlated with the decrease 
in stroke volume (r = 0.61, p <0.01). Further reduction 
in end-systolic volume occurred late postoperatively. 
In patients with mitral regurgitation, end-systolic vol- 
ume did not change significantly either early or late 
postoperatively and the changes were not significantly 
related to preoperative stroke volume or to the decrease 
in stroke volume. Late postoperative end-systolic vol- 
ume did not differ in patients with aortic and mitral 
regurgitation. 
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Q » t diastolic volume with preoperative end-systolic 
p 70 e e. volume is shown for aortic regurgitation (r — 
WH e 2 = 08! 0.81, p <0.001) and for mitral regurgitation (r 
© < > = 0.72, p <0.001). For aortic regurgitation, 
postoperative end-diastolic volume = 0.79 
30 (preoperative end-systolic volume) + 41; and 
30 50 70 90 MO 130 20 40 60 80 100 120 140 for mitral regurgitation, postoperative end- 
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diastolic volume = 1.14 (preoperative end- 
systolic volume) + 27. 
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Discussion 


Prior studies?^?*—* have suggested that the ejection 
fraction is the single most useful measure of left ven- 
tricular function, having both diagnostic and prognostic 
value. However, ejection fraction may have diagnostic 
limitations in patients with left ventricular volume 
overload, because it is a complex function of both con- 
tractile performance and other factors such as preload, 
afterload and heart rate.?/-46 In aortic or mitral regur- 
gitation, an abnormally increased preload and possible 
altered afterload may result in an ejection fraction that 
may be normal despite underlying myocardial dys- 
function.?? One approach to correct for abnormal pre- 
load to determine actual function may be to measure left 
ventricular end-diastolic volume.*! When end-diastolic 
volume and ejection fraction are defined, stroke volume 
and end-systolic volume can be calculated.??36 The 
stroke volume provides a measure of the severity of the 
valve regurgitation,*?4? whereas the end-systolic volume 
provides a measure of afterload and contractility.37.3? 

Noninvasive (radionuclide) measurement of 
end-diastolic volume: Accurate noninvasive deter- 
mination of absolute end-diastolic volume using various 
radionuclide approaches has been reported, but no 
widely accepted method is available.49-°! One radio- 
nuclide approach is a counts method of analyzing the 
gated blood pool scan. This method may be limited by 
attenuation of activity within the left ventricle by the 
chest wall and there may be error due to overlap of other 
blood pools, such as that of the left atrium. The error 
due to inclusion of counts from an enlarged left atrium 
may be particularly important in mitral regurgitation. 
In addition, there are geometric factors with the counts 
method, especially when the ventricle is large as in aortic 
or mitral regurgitation, because the contribution of 
activity nearer the detector (left ventricular apex) is 
larger than that of activity further from the detector 
(base of the left ventricle). 

In this study, we measured absolute end-diastolic 
volume using a biplane geometric area-length method 
that we have shown to have acceptable interobserver 
variance when the same observers analyze serial scans 
in which patients are used as their own control. A geo- 
metric approach is acceptable because none of the pa- 
tients had coronary artery disease with resulting seg- 
mental wall motion abnormalities. Although the shape 
of the left ventricle usually approximates a prolate el- 
lipsoid at end-diastole, the shape at end-systole may not 
conform to any predictable geometry. Therefore, end- 


systolic volume was derived from the end-diastolic 


volume and ejection fraction, and geometric assump- 
tions about the shape of the left ventricle at end-systole 
were avoided. The values in normal control patients 
appeared to be somewhat lower than those reported for 
contrast left ventriculography,°? and therefore the ab- 
solute values using this approach should probably not 
be compared with values derived using other 
methods. 

Postoperative ejection fraction: A preoperative 
ejection fraction of 0.50 to 0.60 usually resulted in an 
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abnormal ejection fraction early postoperatively. 
Therefore, the “normal” range of ejection fraction in the 
setting of severe volume overload may not be the same - 
as the range in normal patients with normal end-dia- 
stolic and stroke volumes. Defining a range of normal 
ejection fraction at rest in the setting of left ventricular. 
volume overload should take into account the likelihood: 
of a decrease of 0.10 to 0.20 early after valve replace- 
ment. Only when the ejection fraction at rest is above 
0.60 preoperatively is the ejection fraction likely to be 
normal early postoperatively in patients with severe - 
volume overload. L 
Preliminary data late after operation show different 
results in patients with aortic and mitral regurgitation. 
In patients with aortic regurgitation, ejection fraction | 
returned toward preoperative values, a result similar to 
that of other reports indicating that there is usually no 
overall change in ejection fraction after correction of 
aortic regurgitation.!?-15?! Late postoperative ejection - 
fraction was best predicted by preoperative end-systolic 
volume, a finding consistent with prior studies. !®.2%.53 
In patients with mitral regurgitation, there was no ap- - 
parent change in ejection fraction between the early and — 
the late scans. This finding is consistent with prior ev- - 
idence for an overall reduction in ejection fraction after 
operation for mitral regurgitation.?? Nevertheless, there. 
were individual variations in serial values for ejection | 
fraction and the change did not correlate with any . 
preoperative or postoperative variables studied. Pre- - 
operative left ventricular function (as assessed from - 
ejection fraction or end-systolic volume) did not predict — 
late postoperative function. The pattern of emptying | 
of the left ventricle in mitral regurgitation is known to — 
be dramatically affected by the altered loading condi- - 
tions so that it may not directly relate to underlying left — 
ventricular function.49546 Late postoperative ejection - 
fraction correlated best with preoperative pulmonary - 
capillary wedge pressure, but this correlation requires 
confirmation in a larger number of patients. 1 
Postoperative end-diastolic volume: Although all - 
patients had a lower end-diastolic volume early post- 
operatively, in more than half of the patients end-dia- 
stolic volume remained above the normal range early — 
after operation. The extent to which the left ventricle 
remained dilated was closely related to the preoperative - 
end-systolic volume. Thus, the increased end-diastolic 
volume in left ventricular overload preoperatively has - 
two components that are in part separated by valve 
replacement.5? There is dilatation due to the valve 
regurgitation (reflected in increased stroke volume), - 
which is removed with valve replacement and represents | 
the major part of the reversible dilatation, and there is — 
dilatation due to left ventricular dysfunction (reflected — 
in increased end-systolic volume), which persists early 
after valve replacement. Late postoperatively, there is — 
a further reduction in end-diastolic volume in aortic 
regurgitation, primarily as a result of a further decrease | 
in end-systolic volume. y 
Reduction in ejection fraction and altered pre- 
load: Although aortic regurgitation and mitral regur- 
gitation differ clinically, our data indicate that the 
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- changes i in left ventricular function 2 to 4 weeks post- 
h operatively are remarkably similar in both conditions. 
; End-diastolic volume (preload) was increased preop- 
eratively in both patient groups. Early postoperatively, 
| both ejection fraction and preload decreased in relation 
. to the degree to which the stroke volume decreased 
(Tables VI and VII). Because there was a large post- 
operative reduction in stroke volume and a propor- 
-tionately smaller reduction in end-systolic volume, 
_ ejection fraction decreased early after valve replace- 
ment. The similarity of the changes in both lesions is 
strong evidence that the reduction in preload is a 
| dominant mechanism explaining the changes observed 
and is consistent with the hypothesis that ejection 
_ fraction is in part dependent on preload.?9:40.41 
Reduction in ejection fraction and increased 
. heart rate: In our study, heart rate was significantly 
pr early postoperatively than before operation, a 
- change that may have contributed to the decrease in 
_ ejection fraction. Because stroke volume decreases as 
- heart rate increases,^? ejection fraction may be reduced 
| with i increasing heart rate. The magnitude of the change 
t in heart rate did not correlate with the change in ejec- 
f tion fraction or with the reduction in stroke volume. 
i Furthermore, the increase was less than 30 beats/min 
in 36 patients (90 percent). Prior studies suggest that 
i only when heart rate increases more than 30 beats/min 
is ejection fraction likely to be significantly altered.*° 
I Therefore, the decrease in ejection fraction was unlikely 
_tobea consequence of increased heart rate. 
_ Reduction in ejection fraction and altered af- 
terload: In addition to the decrease in stroke volume, 
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the early postoperative decrease in ejection fraction was 
_ significantly related to a change in end-systolic volume. 
 End- systolic volume reflects afterload, suggesting that 
Bue: in afterload with correction of left ventricular 
- volume overload may be important. However, afterload 
may differ in aortic and mitral regurgitation. For a 
"comparable degree of regurgitation, aortic valve 
i regurgitation is known to cause a greater increase in 
_afterload, and thereby a greater stimulus to hypertro- 
phy, than that caused by mitral regurgitation.?^4 
- However, the changes in afterload after valve replace- 
ment are complex and have not been clearly defined. 
Furthermore, afterload may be difficult to assess using 
. only a noninvasive approach. 
— In aortic regurgitation, there is increased systolic 
_ pressure as well as increased end-systolic volume pre- 
_ operatively to suggest increased afterload.^? However, 
ejection occurs early in systole when aortic diastolic 
pressure may be reduced, chamber size decreases rap- 
idly during systole and, in addition, there may be pe- 
ripheral vasodilatation, all of which can decrease af- 
terload.°* Postoperatively, an increase in outflow re- 
sistance might result from inSertion of a valve prosthesis 
in the left ventricular outflow tract, thereby increasing 
afterload,°? whereas, the decrease in chamber size and 
systolic blood pressure observed postoperatively would 
decrease afterload. The decrease in end-systolic volume 
was largest in patients with more severe aortic regur- 
gitation as reflected by stroke volume, and the end- 


systolic volume decreased in relation to the decrease in 
stroke volume. Late postoperatively, there was a further 
reduction in end-systolic volume. These data support 
the view that aortic regurgitation is associated with 
increased afterload and that there is a reduction in af- 
terload after valve replacement for aortic regurgitation. 
However, ejection fraction should increase in the pres- 
ence of a reduced afterload. Because ejection fraction 
decreased early after correction of aortic regurgitation, 
the effect of the preload change was likely to be domi- 
nant at this time. However, late postoperatively, ejec- 
tion fraction returned toward preoperative values. This 
change may be a result of the reduced afterload with 
gradual improvement in left ventricular function, pos- 
sibly related to regression of left ventricular hypertro- 
phy late after aortic valve replacement,!^ or it may 
represent an actual improvement in contractile func- 
tion. The apparent lack of improvement in ejection 
fraction in two patients with a reduced ejection fraction 
preoperatively is consistent with previous studies.9? 
In contrast, mitral regurgitation is associated with 
a reduced afterload due to the ejection of part of the left 
ventricular stroke volume into a low pressure left 
atrium.?^6 When this low resistance is eliminated with 
valve replacement, the entire stroke volume must be 
ejected against aortic resistance and therefore an in- 
crease in afterload is likely.!" For this reason, one might 
anticipate seeing an increase in end-systolic volume 
after valve replacement in patients with mitral regur- 
gitation. This was not observed in our study. The lack 
of change in end-systolic volume may indicate that the 
increased afterload due to removal of the low pressure 
ejection pathway into the left atrium was balanced by 
the tendency to reduce afterload as a consequence of the 
reduction in chamber size. There were no changes in 
systolic pressure with valve replacement in mitral 
regurgitation and no further changes in end-systolic 
volume late postoperatively. Although degenerative 
myocardial changes are common in aortic regurgitation 
and less frequent in mitral regurgitation,®! ©? it is evi- 
dent that left ventricular dysfunction is frequently 
observed after mitral valve replacement.! ?.?0 
Reduction in ejection fraction and decreased 
myocardial contractile function: It is possible that 
damage to the myocardium occurring as a result of valve 
replacement might have contributed to the early re- 
duction in ejection fraction. The abnormal septal mo- 
tion seen in all our patients postoperatively may reflect 
surgically induced septal injury,?! which might con- 
tribute to a reduction in ejection fraction. However, 
several findings agree against important surgical myo- 
cardial damage: (1) All patients survived the operation, 
(2) there was no evidence of perioperative infarction in 
any patient, and (3) mean end-systolic volume did not 
increase after surgery. In addition, there was no relation 
between the decrease in ejection fraction and aortic 
cross-clamp time or total cardiopulmonary bypass time. 
These findings suggest that patients with a longer 
procedure and a greater likelihood for ischemic damage 
had no greater reduction in ejection fraction than did 
patients with a shorter procedure. If perioperative in- 
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jury were an important factor in the reduction in ejec- 
tion fraction, one might anticipate similar changes after 
correction of aortic stenosis. However, ejection fraction 
actually increases after such correction, although this 
change may reflect the dominant effect of a large re- 
duction in afterload without a large change in pre- 
load.!?4!9 Therefore, the postoperative reduction in 
ejection fraction does not appear to be related to per- 
ioperative damage. 

In summary, early after correction of chronic left 
ventricular volume overload due to aortic or mitral 
regurgitation, there is a decrease in ejection fraction and 
end-diastolic volume. This decrease appears to reflect 
in part altered loading conditions, predominantly 
changes in preload. Early postoperative ventricular size 
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Left ventricular regional wall motion (percent systolic shortening) and 
velocity of shortening were studied in patients with heart failure due to 
chronic volume overloads of mitral and aortic regurgitation. Biplane lef 

ventriculograms were analyzed by computer and divided into four -— 
anterior, inferior, posterolateral and septal. The study patients includec 
12 normal subjects; 21 patients with aortic regurgitation (10 asymptomatic 
and 11 with congestive heart failure); and 11 patients with mitral regur: 
gitation (4 asymptomatic and 7 with congestive heart failure). No patie 
had coronary artery disease. With heart failure, ejection fraction was 
decreased (p <0.05) in both aortic and mitral regurgitation (normal 62 
+ 3 percent [mean + standard error of the mean], aortic regurgitation 4 

+ 3 and mitral regurgitation 51 + 5). In mitral regurgitation with ira 







failure, the percent segment shortening in anterior (normal 42 + 2, mitra 
regurgitation 27 + 5) and posterolateral (normal 23 + 3, mitral regurgi- 
tation 16 + 4) regions was significantly decreased (p <0.05), whereas 
this value in the inferior (normal 32 + 2, mitral regurgitation 28 + 6) and 
septal (normal 46 + 4, mitral regurgitation 47 + 5) regions was norma 
In aortic regurgitation with heart failure, anterior (27 + 2), inferior (17 + 
3) and septal (5 + 1) segment shortening was significantly decreased, 
whereas posterolateral segment shortening was normal (24 + 3). À 
In both groups with heart failure, mean shortening velocity showed 
regional variations similar to those of percent shortening, whereas peak 
instantaneous shortening velocity was not reduced in mitral regurgitation 
compared with normal values. In the asymptomatic group, shortening and 
mean shortening velocity were normal, whereas peak instantaneous 
shortening velocity was increased in mitral regurgitation. In aortic anc 
mitral regurgitation with decreased left ventricular function demonstratec 
by a reduced ejection fraction, there are regional wall motion abnor- 
malities that are not caused by coronary disease. 


Regional left ventricular function in patients with ischemic heart disease 
has been studied in our laboratory! and by other investigators?-? using 
cineangiographic techniques. Both qualitative and quantitative as- 
sessment of segment shortening has been performed. In addition, velocity 
of circumferential fiber shortening has been used to study the ischemic 
myocardium.!?-!? More recently, echocardiograms!!-!? and radionuclide 
ventriculograms!? have been used to measure regional wall motion 
noninvasively. However, few studies have examined regional left ven- 
tricular function in patients with chronic volume overload due to aortic 
or mitral regurgitation.!4^-!? In this study, we examined segmental left 
ventricular function using percent shortening and shortening velocity 
in patients who had chronic mitral or aórtic regurgitation and normal 
coronary arteries. 


Methods 


Patient selection: Twelve normal subjects (aged 46 + 4 years [mean + 
standard error of the mean]) with chest pain, 21 patients with chronic aortic 
regurgitation and 11 patients with chronic mitral regurgitation were examined. 
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vith cardiac catheterization, left ventriculography and coro- 
vary arteriography. The 12 normal subjects had no evidence 
f coronary artery disease or valve lesions on angiography; all 
[2 had normal right and left ventricular pressures, normal 
jection fraction (50 percent or greater) and no evidence of 
yall motion abnormalities. 
Th patients with valve lesions had normal coronary ar- 
eries demonstrated by angiography. Of the 21 patients with 
iortic regurgitation, 11 (aged 51 + 4 years) had clinical evi- 
ence of significant congestive heart failure (New York Heart 
issociation functional class II, III or IV!9), whereas 10 (aged 
I5 + 5 years) were relatively free of symptoms (functional class 
). Of the 11 patients with mitral regurgitation, 7 (aged 55 + 
! years) had congestive heart failure, whereas 4 (aged 54 + 2 
'ars) had no evidence of congestive heart failure. All patients 


= 


raph groups with aortic or mitral regurgitation had angio- 





'aphic evidence of significant regurgitation as the only valve 
sion. 

. Cardiac catheterization: Biplane cineventriculograms 
vere obtained in all patients in the 60? left anterior oblique 
ad 30? right anterior oblique positions, using either the 
emoral or brachial arterial technique. All patients were given 
nild sedation and local anesthesia. Left ventricular pressure 
vas monitored either with a micromanometer catheter or with 
| fluid-filled catheter connected to an external pressure 
ransducer. Left ventricular pressure and the electrocardio- 
‘ram were recorded on a strip chart using a multichannel re- 
order. In patients in whom the micromanometer catheter was 
sed, ventricular pressure and the electrocardiogram were also 
ecorded on cine film. In addition, a timed light pulse was 
ecorded on each of the biplane films to provide precise syn- 
B nization of the two films during analysis. The cinean- 
iograms were filmed at 60 frames/s during injection of 33 to 
5 ml of contrast medium over 3 seconds. 
Ventriculographic analysis: Analysis of each ventricu- 
»gram was done on a frame by frame basis, starting just before 
he R wave of the electrocardiogram and progressing beyond 













1e next R wave with approximately one and one-half cardiac 

'cles analyzed.? The earliest well opacified beat was chosen 
or analysis; premature and postpremature beats were ex- 
luded. If the patient had atrial fibrillation, a beat with an R-R 
terval approximating the average interval was chosen for 
alysis. 

The ventriculographic data were digitized using an X-Y 
lotting table, entered into a computer and stored on magnetic 
ape.? The right anterior oblique view of the ventriculogram 
vas divided into two regions, one representing the anterior 
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'IGURE 1. Diagram of the method used to section the biplane ven- 
'iculograms for segmental wall analysis. The ventricle was divided into 
5 segments, each perpendicular to the long axis. Each segment was 
pproximately 6 mm in length. LAO = left anterior oblique; RAO = right 
nterior oblique. 
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TABLE | 


Ejection Fraction and Mean Aortic Pressure in the Five 
Patient Groups* 








Ejection Mean Aortic Stroke Regurgitant 
Fraction Pressure Volume Volume 
(96) (mm Hg) (cc/m?) (cc/m?) 

Normal 62 3 87 t3 58: 6 20 + 16 
MR-A 68 + 2 83 + 4 100 + 20! 75 X 21! 
MR-CHF 5115 92104 102 + 16t 89 + 14! 
AR-A 65+4 954 97+ 8! 66 + 18! 
AR-CHF 48 +3 99 + 4! 114+ 8' 88+ 8! 


* Data are mean values + standard error of the mean. ! p <0.05 
compared with values in normal subjects. 

A — asymptomatic; AR — aortic regurgitation; CHF — congestive 
heart failure; MR — mitral regurgitation. 


wall and one the inferior wall of the heart. The left anterior 
oblique view was also divided into two regions representing 
the septal and posterior lateral walls of the left ventricle. 
Within each region, 15 hemisegments were calculated each 
1/60 second throughout systole. Thus, a total of 60 hemiseg- 
ments were analyzed to quantitate regional left ventricular 
function (Fig. 1). This method of regional analysis has previ- 
ously been described.! 

Measurements: Shortening versus time throughout the 
cardiac cycle was determined for each hemisegment and av- 
eraged for each region composed of 15 segments each.^ Re- 
gional shortening (S) was calculated as: 


End-diastolic length — End-systolic length 
End-diastolic length 


'The maximal and minimal hemisegment lengths were deter- 
mined and used to represent end-diastole and end-systole. 
The average velocity of shortening (mean Vcf) was deter- 
mined for each of the 60 hemisegments and averaged for the 
four regions using the relation: Vcf = S/At, where At is the 
interval between end-diastole and end-systole. Peak Vcf was 
determined by calculating first derivative of the hemi- 
segment length versus time curve and selecting maximal value. 
Volume determinations were performed at 60 frames/s 
using a numerical integration method described previously.® 
Total stroke volume was calculated as the difference between 
end-diastolic and end-systolic volumes. Forward stroke vol- 
ume was calculated from the ratio between cardiac output 


S= 


. (determined with the Fick method) and heart rate. Regurgi- 


tant volume was calculated as the difference between the 
angiographic and Fick-determined stroke volumes. 

Statistical analysis: One way analysis of variance was used 
to examine differences among the patient groups.  * 


Results 


The two groups of patients with valve disease were 
separated into an asymptomatic group and a group with 
heart failure. Table I shows ejection fraction, mean 
aortic pressure, stroke volume and regurgitant volume 
for all study patients. Ejection fraction was significantly 
reduced in both groups with valve disease and heart 
failure, and mean aortic pressure was elevated in the 
patients with heart failure and aortic regurgitation. 
Stroke volume was significantly increased in all four 
groups with valve disease (‘Table I). Regurgitant vol- 


umes were greater in the patients with congestive heart 
failure than in asymptomatic patients; however, this 
difference was not significant. 

Segment shortening: Segment shortening in pa- 
tients with asymptomatic aortic and mitral regurgita- 
tion was similar to that found in the normal subjects 
(Fig. 2). However, patients with congestive heart failure 
secondary to volume overload had a significant reduc- 
tion in shortening, which was not distributed evenly 
throughout the ventricle. Shortening in the anterior and 
posterolateral region was significantly depressed in 
patients with mitral regurgitation and heart failure, 
whereas anterior, inferior and septal shortening was 
reduced in patients with heart failure and aortic 
regurgitation. 

Velocity of shortening: Patients with asymptomatic 
mitral regurgitation had peak velocity of circumferential 
fiber shortening (Vcf) values that were significantly 
greater than those in normal subjects for all four regions 
(Table II). Peak Vcf was significantly increased in only 
the septal wall in the patients with mitral regurgitation 
and heart failure. The peak Vcf in patients with 
asymptomatic aortic regurgitation was not significantly 
different from normal values for any wall. However, 
there was significant depression of peak Vcf in the an- 
terior and inferior walls in patients with heart failure 
secondary to aortic regurgitation. 

Mean Vcf in asymptomatic patients ait mitral and 
aortic regurgitation and in patients with heart failure 
and mitral regurgitation was not significantly different 
from that in normal subjects for all four hemisegments 
(Table III). However, mean Vcf was significantly de- 
creased in the inferior and septal walls of patients with 
aortic regurgitation and heart failure. 


Discussion 
Regional Wall Motion 


Our data indicate that the left ventricle, chronically 
volume-overloaded from either mitral or aortic regur- 
gitation, develops regional motion abnormalities when 
the overload becomes severe enough to result in de- 
pressed global function. Although both symptomatic 
and asymptomatic groups had significant regurgitation, 
ejection fraction and regional wall motion were similar 
to normal in the asymptomatic patients. Thus, the left 


TABLE Il 


Peak Velocity of Shortening in Four Ventricular Regions for 
the Five Patient Groups* 








Anterolateral Inferior Posterolatera| . Septal 
Normal 4.4 t 0.5 3.2 + 0.3 2.3 + 0.3 46+0.6 
MR-A 7.5 1.60 6.9 4- 0.5! 3.7 + 0.3t 21.5 X 4.6! 
MR-CHF 03r 1.6 5.2: E 0:7 2.8 + 0.7 16.9 + 5.6! 
AR-A 8.2 1 3.4 3.9 + 0.5 3.1 £ 0.5 7.8 € 2.0 
AR-CHF 3.1: 0.31 23403! 2.3 + 0.3 5.1 :E 1.8 





3 Data are mean + standard error of the mean. Units are lengths/ 
second. ! p <0.05 compared with values in normal subjects. 
Abbreviations as in Table l. 
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FIGURE 2. Percent shortening in four regions of the left ventricle - 
measured from the biplane ventriculogram of patients with mitral and - 
aortic regurgitation. Vertical lines define the standard errors. A — 

asymptomatic; AR = aortic regurgitation; CHF = congestive heart - 
failure; MR = mitral regurgitation. * = p «0.05 compared with normal — 
values. 


ventricle of the asymptomatic patients was able to 
compensate for the volume overload, despite the evi- 
dence of a significant regurgitant lesion. There was no ~ 
significant difference in the age or duration of disease — 
in the asymptomatic groups compared with the groups — 
with heart failure, but the patients with heart failure - 
had greater regurgitant volumes as measured by the 
difference between angiographic and dye-dilution 
stroke volumes. The relatively normal function in the © 
asymptomatic group is accompanied by a synchronous ~ 
contractile pattern. E 
Although patients with symptoms of congestive heart 
failure had a depressed ejection fraction, this global - 
dysfunction was not uniformly distributed i in the ven- . 
tricle. Patients with mitral regurgitation and heart t 
failure had depressed anterior and posterolateral 


ma 








TABLE Ill 
Mean Velocity of Shortening for the Five Patient Groups* 
Antero- Postero- 
lateral Inferior lateral Septal 
Normal 1.21: 0.09 1.0: 0.07 0.8 + 0.12 1.3 + 0.52 
MR-A 1640.20 124022 034033 244157 
MR-CHF 0940.25 2.24 1.12 0.4+ 0.23 3.1 + 1.00 
AR-A 1.6 + 0.80 1.6 + 0.60 0.5 + 0.20 2.1 + 0.40 
AR-CHF 1.00.08 0.63020 1040.15 —0.3 + 070! 


* Data are mean + standard error of the mean. Units are lengths/ 
second. t p X0.05 compared with values in normal subjects. 
Abbreviations as in Table |. 





Bhortening, whereas those with aortic regurgitation and 
heart failure had depressed anterolateral, inferior and 
septal wall motion. Thus, congestive heart failure due 
o chronic volume overload appears to result in asyn- 
chrony of the ventricle as well as reduced global func- 
ion. 
3 Comparison with previous studies of regional 
wall motion: Cohn et al.,!* using cineventriculographic 
techniques, found normal wall motion in patients with 
primary mitral regurgitation and abnormal wall motion 
in patients with mitral regurgitation related to coronary 
tery disease and cardiomyopathy. None of our pa- 
tients with heart failure had coronary artery disease and 
their mean ejection fraction was only minimally re- 
duced. It is possible that some patients had rheumatic 
cardiomyopathy that resulted in nonuniform function. 
This distinction cannot be made from the data avail- 
able. The clinical data in all of our patients indicated 
that the valve regurgitation was primary and not a result 
of a dilated, poorly functioning left ventricle. In addi- 
tion, it is difficult to relate the regiorial abnormalities 
due to aortic regurgitation in our study to primary 
myocardial disease because aortic regurgitation is not 
commonly caused by ventricular dilatation alone. From 
our data, it can be concluded that the valve lesion in- 
duced heart failure which in turn caused regional 
asynchrony. Our data may disagree with the data of 
Cohn et al.!4 for several reasons. Their data were de- 
termined from only the right anterior oblique ventric- 
ulogram and shortening was determined at only one 
position, 25 percent of the distance from the base to the 
apex. Our method used two views that outlined four 
egions of interest with 15 hemisegments in each region 
and therefore should be more sensitive to wall motion 
abnormalities throughout the left ventricle. 
= Eckberg et al.!° found that shortening in patients 
with mitral regurgitation was normal. These investi- 
gators used biplane ventriculography and measured wall 
notion at one point midway between the mitral valve 
id the apex. With this approach, changes in shortening 
annot be accurately assessed in all areas of the left 
entricle. 

Dumesnil et al.!! studied left ventricular function in 

patients with aortic and mitral regurgitation using M 
mode echocardiography. This group found that short- 
ening of the left ventricular internal radius and mid wall 
radius was normal in chronic aortic and mitral regur- 
gitation. Again, only small portions of the left ventric- 
ular circumference were examined, so that regional 
abnormalities in much of the myocardium could be 
overlooked. 
— Gould et al.!7 studied wall motion in patients with 
chronic aortic and mitral regurgitation and found de- 
creased shortening in both groups. They used biplane 
ventriculograms to examine ‘shortening in several re- 
gions of the myocardium. Our data, as well as the data 
of Gould et al.,!” indicate that abnormalities in regional 
shortening do exist in volume overload of the left ven- 
tricle but can be recognized only if all regions of the left 
ventricle are examined. 
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Peak and Mean Velocity of Shortening (Vcf) 


Mitral regurgitation: Peak Vcf was increased in all 
four regions in the patients with asymptomatic mitral 
regurgitation. These values occurred early in systole, 
during the period when the left ventricle is ejecting into 
the low pressure left atrium. During this time, peak Vcf 
should be greater than normal because of the low af- 
terload presented by the left atrial pressure. In mitral 
regurgitation with heart failure, peak Vcf was high in 
the septal wall and normal in all other regions. In these 
patients, left ventricular dysfunction had likely pro- 
gressed to a point where peak Vcf was similar to normal, 
even though measured while the left ventricle was 
pumping against the low pressure left atrium. Thus, the 
early systolic hyperkinesia in patients with asymp- 
tomatic mitral regurgitation could no longer be main- 
tained by the failing ventricle. Even though peak Vcf 
in patients with mitral regurgitation and heart failure 
was not significantly different from normal values for 
most of the segments, this apparent normalization 
probably represents depressed ventricular function. 

Aortic regurgitation: The peak Vcf was not sig- 
nificantly different from normal values in patients with 
asymptomatic aortic regurgitation, even though the 
values for the anterior and septal walls were somewhat 
increased. In aortic regurgitation, the afterload pre- 
sented to the ventricle is closer to normal than in mitral 
regurgitation, although the initial pressure against 
which the ventricle must contract can be somewhat 
lower because of the decreased diastolic pressure of 
aortic regurgitation. In aortic regurgitation with heart 
failure, peak Vcf was decreased for the anterior and 
inferior walls. This change may be due to left ventricular 
decompensation or a somewhat increased afterload. The 
patients with aortic regurgitation and heart failure were 
found to have increased systolic and mean aortic pres- 
sures. 

Mean Vcf differed from normal values only in aortic 
regurgitation with heart failure. It is difficult to in- 
terpret these mean values because they can obscure 
increased or decreased function during individual 
portions of systole, making left ventricular function 
appear normal. A normal mean Vef in mitral regurgi- 
tation may actually represent depressed function. 

Comparison with previous studies: Other inves- 
tigators have reported a variety of mean and peak Vcf 
values for both aortic and mitral regurgitation, Karliner 
and co-workers?? found that mean Vcf was depressed 
in patients with mitral regurgitation. These patients 
were not separated into those with and those without 
congestive heart failure. In addition, the Vcf was de- 
termined from systolic excursion of the left ventricular 
internal minor equator and not for the four regions used 
in our analysis. It is possible for one segment of muscle 
to be abnormal, even though the overall function may 
be normal. 

Cohn et al.!4 found normal left ventricular function 
in patients with primary mitral regurgitation and de- 
creased Vcf in patients with secondary mitral regurgi- 
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tation. Both peak and mean Vcf were determined only 
for the minor diameter at 25 percent of the distance 
from base to apex and may not have reflected the ac- 
tivity of the remaining myocardial segments. Eckberg 
et al.!^ also found a decreased peak and mean Vef in 
chronic mitral regurgitation, but their study also was 
based on velocity changes in only one circumferential 
myocardial segment. Dumesnil et al.!! used M mode 
echocardiography to study Vcf. These authors also 
found normal Vcf in chronic aortic regurgitation; again 
only mid wall values were determined. Gould et al.!* 
found that peak Vcf in the equatorial and meridional 
planes was decreased in both chronic mitral and aortic 
regurgitation. It is unclear whether one plane or mul- 
tiple planes through the entire left ventricle were used 
for analysis. It is thus difficult to compare our results 
with the results of this group of investigators. 
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Conclusions 


We found regional contractile abnormalities in pa- 
tients with volume overload caused by aortic and mitral - 
regurgitation in the absence of coronary artery disease. — 
However, all patients with significant asynergy had an 
ejection fraction below normal. The wall motion ab- — 
normalities observed are most likely due to the effects | 
of chronic volume overload on the myocardium and do | 
not appear to be the result of another myocardial dis- - 
ease. In addition to being affected by reduced myocar- 
dial function, shortening velocity may be greatly af- — 
fected by abnormalities in afterload that are seen © 
especially in mitral, but also in aortic regurgitation. 
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The ability of quantitative thallium-201 scintigraphy to predict the extent 
and location of coronary artery disease before hospital discharge after 
acute myocardial infarction was evaluated in 52 patients. All patients 
underwent coronary angiography and serial thallium-201 imaging either 
at rest (10 patients) or after submaximal exercise stress (42 patients; 
target heart rate 120 beats/min). Two or three vessel disease was des- 
ignated if abnormal thallium-201 uptake or washout patterns, or both, were 
seen in two or three vascular segments, respectively. Of 156 vessels 
analyzed in the 52 patients, 91 stenoses of 70 percent or greater were 
found by angiography. Seventy-four (81 percent) of these were predicted 
by scintigraphy. The specificity of scintigraphy for identifying vessel 
stenoses was 92 percent. Sensitivity for detecting and localizing stenoses 
supplying an infarct zone was 96 percent compared with 62 percent for 
stenoses supplying myocardium remote from the acute infarct. Perfusion 
abnormalities were more frequently seen in the distribution of vessels with 
severe (90 percent or greater) stenoses than in those with moderate (70 
to 90 percent) stenoses (87 versus 53 percent, p <0.01). Scintigraphy 
detected a greater proportion of left anterior descending and right coronary 
arterial stenoses than circumflex stenoses (91 and 87 versus 63 percent, 
respectively, p « 0.006). 

In the 42 patients who underwent submaximal exercise testing, mul- 
tivariate analysis of 23 clinical and laboratory variables identified multiple 
thallium-201 defects as the best predictor of multivessel disease. The 
predictive accuracy of exercise-induced S-T segment depression was 
only 45 percent compared with 88 percent (p «0.05) for thallium-201 
scintigraphy. Thus, 2 weeks after myocardial infarction, exercise thal- 
lium-201 scintigraphy is useful for predicting the extent and location of 
coronary artery disease, particularly stenoses in the left anterior de- 
scending and right coronary arteries. Moreover, thallium-20 1 imaging at 
rest is reliable in assessing the extent of coronary disease in hospitalized 
patients who cannot undergo exercise testing because of unstable angina, 
uncompensated heart failure, poorly controlled arrhythmias or physical 
limitations. 


Several studies indicate a wide prevalence of multivessel coronary artery 
disease in survivors of acute myocardial infarction.!-5 The prognosis in 
these patients appears to be proportional to the number and location 
of coronary vessels with obstructive lesions.9-!? However, no data are 
available from randomized studies with respect to the efficacy of medical 
or surgical therapy, or both, in reducing the risk of sudden death or re- 
current ischemic events in such patients. Nevertheless, it seems im- 
portant to develop noninvasive methods to estimate the extent and se- 
verity of underlying coronary disease in patients who survive myocardial 
infarction. If management decisions are eventually to be based in part 
on the number of vessels with significant stenoses, the ability of nonin- 





vasive radionuclide techniques to provide information 
comparable with that coronary angiography in esti- 
mating the extent of disease shouid be assessed. For 
several reasons, coronary angiography soon after in- 
farction may not be feasible as a routine procedure for 
identifying potentially high risk patients.!! 

The diagnostic value of myocardial perfusion imaging 
with thallium-201 in survivors of myocardial infarction 
would be greatly enhanced if the number and location 
of stenosed vessels could be accurately predicted. 
Published studies of this possibility are few and have 
yielded conflicting conclusions.!?-!* In only one study!’ 
were patients evaluated with exercise scintigraphy be- 
fore hospital discharge. No data are available on serial 
thallium-201 imaging at rest in postinfarction hospi- 
talized patients who cannot undergo exercise thallium 
imaging because of angina at rest, uncompensated heart 
failure, poorly controlled arrhythmias or physical lim- 
itations. To have its greatest clinical value, a diagnostic 
test undertaken to identify patients with multivessel 
or mainstem left coronary artery disease after myocar- 
dial infarction should be performed before hospital 
discharge, because mortality is greatest in the first 3 to 
6 months after infarction,®:!* 2° and the test should be 
capable of being applied to all patients. 

The purpose of this prospective study was to deter- 
mine whether quantitative thallium-201 scintigraphy 
performed at rest or in conjunction with submaximal 
exercise testing during the early postinfarction period 
could accurately predict the extent, location and se- 
verity of underlying coronary artery disease. Multi- 
variate discriminate function analysis was performed 
to identify those variables that best separate patients 
with single vessel coronary disease from those with 
multivessel disease. 


Methods 


Study criteria: The study population consisted of patients 
admitted consecutively to our coronary care unit who were 
under 66 years of age and who satisfied all of the following 
criteria: (1) acute myocardial infarction diagnosed by typical 
electrocardiographic changes and rise and fall of the creatine 
kinase isoenzyme in the appropriate clinical setting; (2) ab- 
sence of valvular, congenital or cardiomyopathic heart disease; 
(3) absence of cardiogenic shock, ventricular septal rupture 
and papillary muscle rupture; (4) absence of life-threatening 
disease (other than coronary artery disease); and (5) willing- 
ness to give informed consent and undergo thallium-201 
myocardial scintigraphy at rest or after submaximal exercise 
stress and coronary angiography before hospital discharge. 
Forty-three men and nine women (mean age 53 + 8 years) with 
acute myocardial infarction admitted between March 1979 
and February 1980 fulfilled these criteria. 

Clinical data: A detailed clinical history was obtained from 
each patient on admission. Patients were evaluated daily. 
Creatine kinase levels were measured at 4 hour intervals for 
the first 24 hours, then daily until a normal value was attained. 
'The appearance of new Q waves with a duration of 0.04 second 
was considered diagnostic of transmural infarction, and active 
evolution of S-T and T wave changes indicated a non- 
transmural infarction. An anterior infarction was designated 
when these changes were noted in leads V; to V4; an inferior 
infarction when these changes were noted in leads II, III and 
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aVF; and a lateral infarction when these changes were not« 
in leads I and aVL or V; and Ve. Electrocardiographic locaton 1 
of infarction was matched with coronary angiographic findi 
and the appropriate myocardial segment on thallium- 201 
scintiscans for purposes of correlation. Each patient was é 
signed by clinical criteria to Killip class I to IH during the 
acute phase of myocardial infarction.*! To characterize further 
the population under study, the Norris Coronary Prognostic 
Index was calculated for each patient.?? This index, which 
combines age, history of previous infarction, heart size and 
signs of heart failure in the admission chest roentgenogram, 
yields a weighted score with prognostic value; the 3 yesi ' 
mortality rate is 12 percent with an index of less than 3. Thi 
rate is 26 percent with an index of 3 to 5 and greater than 4i 
percent with an index of 6 or higher. 7 
Exercise testing: Forty-two patients underwent graded 
treadmill exercise testing. The remaining 10 were excluded 
because of (1) unstable angina pectoris within the previous 
4 days (six patients); (2) uncontrolled heart failure (one p Ja: 
tient); (3) persistent, serious arrhythmias (one patient); a 
(4) physical handicaps (two patients). All tests were -—— 
within 72 hours of coronary angiography, a mean of 11 days 
(range 7 to 20) after the onset of acute infarction. At the ti me 
of testing, 20 patients were on propranolol therapy, 40 to 240 
mg/day, 20 were on nitrate therapy and 3 were on disitalil 
therapy. No drug was withheld for exercise testing. 3 
The Naughton?? (35 patients) or the Bruce?* (7 patients) 
protocol was employed. To assure interpretable tracings for 
each patient, the skin was abraded and then scrubbed usin; z 
acetone-soaked gauze where the silver-silver chloride elec- 
trodes were then attached. A 12 lead electrocardiogram was 
recorded at rest, after hyperventilation for 30 seconds, at in- 
tervals of 1 minute during the exercise period and at 1, 2, 3 anc 











exercised to one of the following end points: a maximal heart 
rate of 120 beats/min or the onset of angina pectoris, dyspnea 
or fatigue, or both, frequent (more than 10/min), multifocal 
or paired ventricular extrasystoles, S-T segment depression 
greater than 4 mm or a decrease in blood pressure of 10 mm 
Hg below the peak value at the previous stage. Angina was 
defined as typical ischemic pain that necessitated rest or sub- 
lingual nitroglycerin for relief. Significant S-T segment de- 
viation was defined as 1 mm of horizontal or downsloping S-T 
depression or 1 mm of S-T elevation above the resting base- 
line, which extended at least 80 ms after the J point in three 
consecutive beats, during exercise or during recovery, o 

both. 

There were no complications during exercise testing. Nc 
episode of prolonged chest pain followed the test, and in 
cases the 12 lead electrocardiogram performed 1 hour after 
the test was unchanged from the pretest electrocardiogram. 
In no instance was it necessary to terminate the test because 
of hypotension, ventricular arrhythmias, claudication or 
symptoms of cerebral insufficiency. No patient exhibited 
greater than 2 mm of S- T. segment depression. : 

Myocardial scintigraphy: Thallium-201 (New England 
Nuclear Corporation) was adniinistered intravenously in a 
dose of 1.5 mCi followed by a 10 cc saline flush, either at rest 
or as the patient approached either the target heart rate or 
limiting symptoms. Exercise was continued for an additional 
30 to 60 seconds if symptoms, electrocardiographic changes 
and blood pressure were stable. 

Imaging commenced 10 minutes after injection with the 
patient supine, in the anterior projection, followed sequen- 
tially by the 45? left anterior oblique and 70? left anterior 
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oblique projections, respectively. The anterior and 45° left 
anterior oblique images were repeated 1 hour and 2 to 3 hours 
- after thallium-201 administration. All images were recorded 
for 10 minutes with typically at least 300,000 counts collected 
: on an Ohio Nuclear 420 portable gamma camera using an all 
purpose (GAP) medium-resolution collimator and a 25 per- 
. cent window centered on the 80 keV X-ray peak. In addition 
to conventional scintiphotographic imaging on transparency 
film, all thallium studies were stored in a computer (MDS 


.MUGA-Cart, Medtronics Corporation) for standardized | 


Image formation and quantification of reliative thallium-201 
activity in the myocardium by methods described previ- 
-ous]y.29.26 
— The clinical utility of this quantitative technique for as- 
‘sessment of serial images has been described. 27-39 To sum- 
marize the technique briefly, quantitation of thallium images 
was undertaken by first performing a background substraction 
- using a modified bilinear interpolation method similar to the 
one described by Goris et al?! Slightly more complex 
weighting functions were used that differed from the original 
formula.?6 These functions provide proximity weighting near 
the edges of the background-defining region to produce more 
rapid falloff of the generated background as it is extrapolated 
beneath the rim of the myocardium in the proximity of intense 
background regions, such as the liver or stomach. Images were 
then smoothed and residual (or net) myocardial activity was 
determined by using standard computer software to perform 
multiple profile slices across the myocardial images. Peak 
counts were measured from the profiles crossing multiple 
myocardial segments after substractions of the background 
reference plane. Myocardial scan segments in the apex, the 
high and low inferior wall and high and low anterolateral walls 
on anterior projection images and in the upper and lower 
septum, upper and lower posterolateral walls in the 45? left 
anterior oblique projection were analyzed as described pre- 
-viously.?’~29 Myocardial thallium time-activity curves were 
constructed from the peak profile counts from each of these 
segments in the three serial images to determine the quanti- 
tative patterns of initial distribution and redistribution or 
washout of the radionuclide. 
. Image interpretation: Scintigraphic data from each pa- 
tient were examined jointly by two of us without knowledge 
of the clinical or angiographic information. Each myocardial 
segment was analyzed separately as previously described.26-29 
‘The anterolateral or anteroseptal wall, or both, was assumed 
to represent the distribution of the left anterior descending 
coronary artery; the high posterolateral wall the circumflex 
distribution and the inferior and inferoapical walls the dis- 
tribution of the right coronary artery. A normal thallium 
‘scintiscan by quantitative criteria was defined as uniform 
thallium uptake in the initial image with subsequent de- 
creasing activity of the tracer over the 2 to 3 hour imaging 
period (negative slope of the time-activity curve). 
— A myocardial segment was judged abnormal if one or more 
of the following were documented: (1a) a persistent reduction 
in regional thallium uptake of 25 percent or more in antero- 
lateral, anteroseptal, posterolateral or inferoapical segments 
and 35 percent or more in the inferior segment (persistent 
defects in which thallium uptake was reduced by 50 percent 
or more were noted separately [145]); (2) an initial defect with 
delayed total or partial redistribution; and (3) presence of 
abnormal segmental thallium washout (that is, net thallium 
activity in that segment remained constant or increased in the 
delayed image; washout was designated as abnormal in a 
particular segment only if another segment in any projection 
showed a normal downsloping washout pattern). These cri- 
teria were previously derived from normal patients.?9 Ab- 
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normal thallium kinetics by quantitative criteria in more than 
one vascular region was deemed multivessel coronary artery 
disease. 

Angiography: All patients underwent selective coronary 
angiography within 72 hours of the thallium-201 study. The 
percutaneous femoral (Judkins) technique?? was used. Cor- 
onary angiograms were independently reviewed by two ex- 
perienced angiographers using multiple oblique projections. 
The maximal luminal diameter narrowing for each major 
coronary artery was estimated visually and differences of in- 
terpretation were resolved by consensus. Coronary arterial 
narrowings were classified as normal, less than 50 percent, 50 
percent, 70 percent, 90 percent and total obstruction. Coro- 
nary stenoses were considered significant if luminal diameter 
was reduced by 70 percent or more. The location of each 
narrowing was classified according to a 15 segment model.? 
Only the most severe narrowing of the coronary arterial seg- 
ment was recorded, and each patient was classified as having 
single, double or triple vessel coronary artery disease. Sig- 
nificant narrowings in diagonal or marginal branches were 
considered lesions of the left anterior descending or circumflex 
coronary artery, respectively. Narrowing of the left main 
coronary artery was recorded as disease in both the anterior 
descending and circumflex arteries. 

Arteries with 70 percent or greater narrowing in luminal 
diameter were designated infarct stenoses if their zones of 
distribution corresponded to the electrocardiographic location 
of infarction. Noninfarct stenoses of 70 percent or greater 
were defined as those perfusing areas remote from the acute 
infarction. There were no significant complications of coro- 
nary angiography. One patient had thrombus in a femoral 
artery that was successfully removed at operation. 

Statistical analysis: In assessing the extent of coronary 
disease, sensitivity was defined as the ratio of true positive to 
the sum of true positive and false negative results. Specificity 
was the ratio of true negative to the sum of true negative and 
false positive results. Predictive accuracy was the ratio of true 
positive to the sum of true positive and false positive re- 
sults. 

Continuous data are reported as mean + standard devia- 
tion. The t test was used to determine differences between 
means of independent observations. The chi-square or Fisher 
exact test was used to determine differences between pro- 
portions. Multivariate stepwise discriminant function analysis 
including analysis of variance (ANOVA) was then applied in 
order to consider all variables simultaneously.? This analysis 
was performed to identify the variables that best separated 
patients with single vessel coronary disease from those with 
multivessel disease. (The variables considered included all 
those appearing in Table VI.) The independent variables were 
separately examined for their ability to separate patients with 
one vessel disease from those with two or three vessel disease. 
The probability (p) values presented in the technique refer 
to the statistical tests of significance of additional information 
provided by the variable being tested to the information 
provided by the variables already being used. 


Results 


Clinical data: Electrocardiographic localization of 
infarction was anterior in 26, inferior in 19 and lateral 
in 7 of the 52 patients. There were eight nontransmural 
infarctions. Eight patients (15 percent) had a history of 
previous infarction but only two had 0.04 second Q 
waves in an area remote from the zone of acute infarc- 
tion in the admission electrocardiogram. Ten (19 per- 


cent) of the 52 patients were considered unable to per- 





TABLE | 


Sensitivity and Specificity of Thallium-201 Scintigraphy for 
Detecting Coronary Arterial Stenoses of 70 Percent 
Or Greater 





Vessels With 
Thallium-20 1 
Coronary Vessels Vessels Defects 
(n — 156) (n) (n; 96) 
Stenoses = 70% 91 74; 81% 
Infarct vessels 52 50; 9696 * 
Noninfarct vessels 39 24; 6296 
Stenoses « 70% 65 5; 896 


* p «0.001 compared with noninfarct vessels with 70 percent or 
greater stenoses. 


form treadmill exercise. These patients were similar 
with respect to mean age and location of infarction to 
the group that underwent exercise testing. Peak creatine 
kinase levels were significantly higher in the patients 
deemed unable to exercise (1,463 + 1,195 IU/liter) than 
in the patients considered ready for exercise testing (826 
+ 689 IU/liter) (p «0.05). 

Angiographic findings: In the 156 vessels analyzed 
in the 52 patients, 91 stenoses were found. Twenty-four 
patients had one vessel disease and 17 had two and 11 
had three vessel disease. Of 24 patients with one vessel 
disease, 23 (96 percent) underwent exercise testing be- 
fore discharge. In contrast, only 19 (68 percent) of 28 
patients with two or three vessel disease underwent 
exercise testing (p = 0.01). There were 1.6 stenoses per 
patient in the 42 patients who underwent exercise 
thallium-201 imaging compared with 2.5 stenoses per 
patient in the 10 patients who underwent imaging at 
rest (p «0.001). The prevalence of severe stenoses (90 
percent or greater) was 71 percent in the group studied 
during exercise and 93 percent in the group studied at 
rest (p = 0.09). Thus, as might have been expected, the 
extent and severity of coronary artery disease was 
greater in patients deemed unable to undergo exercise 
testing. 

Sensitivity and specificity of thallium-201 scin- 
tigraphy for detecting coronary stenoses (Tables 
I to IIT): All but one patient had an abnormal scinti- 
graphic study with a scan abnormality in at least one 
vascular region. The sensitivity for detecting coronary 
stenosgs was comparable in the groups studied at rest 
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TABLE Ill 


Sensitivity of Thallium-201 Scintigraphy in Relation to | 
Severity of Coronary Arterial Stenoses 


Severity of Stenosis 


Vessels With 7096 Vessels 
or Greater Stenosis (n) 70-89 96 2 9096 E 
All vessels 91 8/15 (53%) 66/76 (87%) 
Infarct vessels 52 6/7 (86%) 44/45 (98%) 
Noninfarct vessels 39 2/8 (25%) 22/31(71 %) i 


* p <0.01 compared with all vessels with 70 to 89 percent ste 
nosis. 















and during exercise; hence, all 52 patients were com- 
bined for purposes of data analysis. Seventy-four of the 
91 stenoses were identified by scintigraphy (overall ll 
sensitivity values 81 percent) (Table I). With the use of 
serial electrocardiograms to locate infarct zones, it wa: 
found that 50 (96 percent) of 52 stenoses supplying in- 
farcted myocardium demonstrated correspondir g 
thallium defects. In contrast, only 24 (62 percent) of 3c 
noninfarct stenoses were correctly recognized by scin- 
tigraphy (p <0.001). Sixty-five vessels were normal or 
had stenoses of less than 70 percent by angiography y. 
Perfusion was deemed abnormal in the distribution o/ 
5 (8 percent) of 65 of these vessels (false positive thal- 
lium scan segments). Three of these abnormal scar 
segments corresponded to 50 percent stenoses. There 
were no false positive thallium scan segments in myo- 
cardial regions perfused by totally normal coronary 
vessels. Thus, the specificity of the regional thallium 
perfusion abnormality as an indicator of significant (70 
percent or greater) coronary stenoses was 92 percent. 
Table II summarizes the distribution of abnormal | 
thallium perfusion patterns corresponding to the 52. 
infarct stenoses, 39 noninfarct stenoses and 65 vessels - 
with less than 70 percent stenosis in the 52 patients. As. 
expected, 80 percent of the stenoses in arteries perfusing 
infarct zones were associated with persistent defects, — 
whereas only 18 percent of the noninfarct stenoses 
corresponded to persistent defects (p «0.001). Of the | 
seven vascular regions perfused by noninfarct stenoses 
in which persistent defects were noted, four correlated. 
with electrocardiographic evidence of prior infarction. 
Among the 65 vessels that were normal or had stenoses 
of less than 70 percent, no persistent defects were ob 4 


Type of Thallium-201 Perfusion Pattern in 52 Patients After Infarction 


Coronary Vessels 


(n — 156) PD (25096) 
Infarct stenoses 21 (4096) 
(n — 52) 
Noninfarct stenoses 3 (B96) 
(n = 39) 
Normal vessels 0 (096) 
(n = 65) 


PD = persistent defect; PRd = partial redistribution; TRd = 


PD (25-5096) 
21 (40%) 


4 (10926) 
0 (0%) 


Thallium-201 Perfusion Pattern . 
PRd " TRd Normal 
6 (1296) 2 (496) 2(4%) 

7 (1896) 10 (2696) 15 (3896) 

1 (296) 4 (6%) 60 (9296) 


total redistribution. 
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served and five segments (8 percent) showed a partial 
(one segment) or a total (four segments) redistribution 
pattern. Three of these five redistribution defects were 
associated with 50 percent stenoses. Hence, the majority 
‘of defects associated with infarct vessels were persistent 
j and those associated with noninfarct vessels were of the 
Bosco wor type. Segments showing partial redis- 
tribution were observed with similar incidence in both 
types of stenoses. 
1 The severity of a coronary stenosis was an important 
determinant of sensitivity (Table III). Perfusion was 
abnormal in the distribution of 66 (87 percent) of 76 
vessels with severe (90 percent or greater) stenoses, but 
in only 8 (53 percent) of 15 of those with less severe (70 
E yercent) obstruction (p <0.01). As expected, the like- 
lihood of a moderate (70 percent) or severe (90 percent) 
Stenosis resulting in a recognizable perfusion defect in 
4 given patient depended on whether or not the stenosis 
Bupplied infarcted myocardium. Regardless of degree 
of stenosis, infarct vessels were almost always detected 
Beintigraphically. 
_ Scintigraphic assessment of vessel involvement 
(Tables IV and V): Comparison between the extent of 
coronary disease assessed with thallium-201 scintigra- 
phy and coronary angiography is depicted in Table IV. 
l'wenty-two (92 percent) of 24 patients with one vessel 
disease were correctly identified by scintigraphy. In the 
28 patients with multivessel disease by angiography, 20 
showed thallium perfusion abnormalities in multiple 
B regions. Thus, 71 percent of patients with 
multivessel disease were correctly identified. If pre- 
Bictive accuracy is calculated, 20 (91 percent) of 22 pa- 
tients with multiple thallium defects had multivessel 
coronary artery disease by angiography. 
E The sensitivity of thallium scintigraphy for correctly 
Eos stenoses in each of the three major coronary 
rteries is shown in Table V. Although abnormal per- 
fusion was detected in the distribution of most of the 
diseased right and left anterior descending coronary 
arteries (26 [87 percent] of 30 and 31 [91 percent] of 34, 
respectively), significantly fewer circumflex coronary 
stenoses were detected (17 [63 percent] of 27; p <0.006). 
Again, thallium scan segments supplied by infarct ste- 
noses were more readily identified than those supplied 
by noninfarct stenoses. 
^ 
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TABLE IV 
Assessment of Extent of Coronary Disease by Thallium-201 
peaitigraphy 













Abnormal TI-201 Vascular Regions 





Angiographic Pts X 
Findings (n) 0 1 2-3 
1VD 24 "0 22 2 
2VD 17 1 6 10 
3VD 11 0 1 10 


Pts = patients; TI-201 = thallium-201; VD = vessel disease. 

Sensitivity for predicting multivessel coronary artery disease = 71 
percent. 

Predictive accuracy of multiple thallium-201 defects = 91 per- 
cent. 


TABLE V 


Sensitivity of Thallium-201 Scintigraphy in Relation to 
Location of Individual Coronary Arterial Stenosis 





TI-201 Defects/Stenosed Vessels (n) 


Coronary Stenosis RCA LAD LCx 
(27096) (n = 30) (n — 34) (n = 27) 
All vessels 26/30 (87%) 31/34 (91%) 17/27 (6396)* 


Infarct vessels 


18/19 (95%) 25/26(9696) 7/7 (100%) 
Noninfarct vessels 


8/11(73%) 6/8 (75%) 10/20 (5096) 


LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; RCA = right coronary artery. 
* p <0.006 compared with stenoses of the right and left anterior 
descending coronary arteries. 


Figure 1 illustrates abnormal thallium-201 perfusion 
in multiple myocardial segments from sequential 45? 
left anterior oblique images in a representative patient 
from this study. The accompanying quantitative 
time-activity curve of relative myocardial thallium ac- 
tivity generated from sequential images indicates the 
extent of these abnormalities. Figure 2 illustrates the 
coronary angiogram from this patient. 

Clinical, exercise electrocardiographic and 
scintigraphic correlations with coronary anatomy 
(Table VI): Of the 52 study patients, 42 (81 percent) 
had an uncomplicated convalescence and were able to 
undergo low level exercise testing a mean of 11 days 
after onset of myocardial infarction. Univariate analysis 
of the clinical findings, exercise test results and scin- 
tigraphic data in relation to extent of coronary disease 
in the 42 exercise patients showed that a high Norris 
Index, exercise-induced angina, low exercise work load 
and thallium defects in multiple vascular regions were 
significant predictors of two or three vessel disease. 
Although exercise-induced S- T segment elevation did 
not correlate with multivessel disease, 11 (85 percent) 
of 13 patients with this exercise electrocardiographic 
response had disease (70 percent or greater stenosis) in 
the left anterior descending artery proximal to the first 
septal perforator. 

'The proportion of patients with exercise-induced S-T 
segment depression was identical (26 percent) in the 
group with one and the group with two or three vessel 
disease. Four of six patients with one vessel disease and 
S-T segment depression on stress electrocardiography 
had nontransmural infarction, and three of these 
showed partial redistribution of thallium in the in- 
farcted zone. The other three patients demonstrated 
persistent thallium defects over the imaging period. 

Figure 3 compares the exercise electrocardiogram 
with the exercise scintigram for multivessel disease 
detection. Of 11 patients with S- T segment depression, 
5 had two or three vessel disease and 6 had one vessel 
disease. Of 31 patients without S- T segment depression, 
14 had two or three vessel disease and 17 had one vessel 
disease. If predictive accuracy is calculated, 5 (45 per- 
cent) of 11 patients with S- T segment depression had 
multivessel disease by angiography. In contrast, 16 
patients had multiple postexercise thallium defects in 
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the distribution of two or more vascular scan segments. Discriminate analysis for multivessel coronary 
Of these, 14 had two or three vessel disease and only 2 artery disease: The variables listed in Table VI were | 
had one vessel disease. Thus, the predictive accuracy included in stepwise discriminate analysis. The clini- 
of exercise scintigraphy for multivessel disease was 88 cally important variables that separated patients with - 
percent (14 of 16), which was significantly greater than multivessel disease from those with single vessel disease 
that of S-T segment depression (45 percent) (p included low exercise work load, positive exercise test 
« 0.05). (S-T segment depression or angina, or both), S- T seg- 


- 
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FIGURE 1. Sequential 45° left anterior 
oblique thallium (top) images and the 
corresponding thallium-201 time-ac- 
tivity curves (bottom) in a patient with 
an uncomplicated anterior infarction 
whose coronary angiogram is shown in 
Figure 2. The ordinate indicates myo- 
cardial counts above background. The 
arrows delineate the myocardial re- 
gions from which relative thallium-20 1 
activity was measured. An initial de- 
crease in anteroseptal and posterolat- 
eral thallium-201 activity with subse- 
quent redistribution is observed. 





- inferoapical 1 
Time-activity curves confirm an initial dz high posterolateral 


decrease with accumulation of thal- 
lium-201 activity in both these seg- 
ments and normal thallium-201 wash- 
out from the inferoapical segment. On 
the basis of this scintigraphic pattern, 
disease in the proximal left anterior 
descending and left circumflex vessels 
was predicted. 


4 — high anteroseptal 
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FIGURE 2. Right anterior oblique views of the 
left and right coronary angiograms from the 
patient whose images are shown in Figure 1. 
A, nonselective injection of contrast medium 
into the left sinus of Valsalva showing the left 
main coronary artery (LMCA) to be totally oc- 
cluded 1 cm from its origin (arrowhead). B 
selective injection of left main coronary artery 
showing no distal filling of the left coronary 
system. C, selective right coronary angiogram 
showing a large patent vessel and resulting in 
opacification (D) of the left anterior descending 
(LAD) and circumflex (LCx) vessels through 
right to left collateral channels. The left ante- 
rior descending artery has sequential 70 per- 
cent stenoses in its proximal portion (arrow- 
heads). Portions of the left circumflex artery 
are seen but no large contiguous branches of 
this system were visualized. C = right coro- 
nary arterial catheter. 
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€ linical, Exercise and Scintigraphic Findings Related to 
. Extent of Coronary Artery Disease 


Vessels (n) With = 70% 





b ^" 


w Stenoses 
k 1VD 2-3VD 
M (n = 23) (n= 19) p value 
Clinical findings 
Age (years) 51 +9 5§ +7 NS 
— Previous infarction 2 (996) 6 (3296) NS+ 
_ Norris Coronary Index dedu 15 42+2.4 0.005 
ECG site of AMI 
Anterior 10 (4396) 9 (4796) NS 
Inferior 8 (35%) 8 (42%) NS 
. Lateral 5 (2296) 2 (1196) NS 
re eak creatine kinase 7934679 717+ 866 NS 
Maximal Killip class in CCU 
E Class | 15 (6595) 11 (58%) NS 
. Class Il 7 (3096) 7 (3796) NS 
- Class Ill 1 (496) 1 (596) NS 
ranoo therapy 11 (48%) 9 (47%) NS 
Exercise test results 
.. Test end points 
Target HR 15 (65%) 7 (3796) NS+ 
. . Dyspnea or fatigue 8 (3596) 10 (5396) NS 
» A Angina pectoris 0 (095) 6(3296)! 0.005 
_ Maximal HR 119 + 16 110 + 15 NS+ 
— Maximal SBP 146 + 31 135 + 18 NS 
_ Maximal HR X SBP (X10?) 17.7 +45.6 15.143.8 NS 
_ METS achieved 4:72 1:9 3.2+1.3 0.009 
Positive test* 6 (2696) 8 (4296) NS 
. S-T segment depression 6 (26%) 5 (2696) NS 
.. S-T segment elevation 8 (3596) 5 (26%) NS 
S Seintigraphic findings 
_ Multiple TI-201 defects 2 (9%) 14(74%) 0.0002 
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MESS PY i. di dps h- To "ER 9 UTS 
e E L] 


. * S-T segment depression or angina, or both. t Four patients had 
equally limiting dyspnea and angina. 
= AMI = acute myocardial infarction; CCU = coronary care unit; ECG 
. 7 electrocardiographic; HR = heart rate; SBP = systolic blood pres- 
| - sure; NS = not significant; NS+ = p value > 0.05 but <0.09; p = 
goes. TI-201 — thallium-201; VD — vessel disease. 


ment depression alone and multiple thallium defects 
(Table VII). The presence of multiple thallium defects 
_was the best single discriminator of all the variables in 

question. Those variables that were not significant for 

distinguishing patients with single from those with 
- multivessel disease included age, previous infarction, 
site of acute infarction, peak creatine kinase level, 
maximal Killip class in the coronary care unit, pro- 
_pranolol therapy, failure to achieve target heart rate or 
the presence of dyspnea or fatigue, or both, during ex- 
ercise testing, maximal heart rate, systolic blood pres- 
sure or double product during exercise and exercise- 
induced S-T segment elevation. 









| Discussion 


_ This study demonstratéd the utility of thallium-201 
scintigraphy in assessing the extent and location of 
‘coronary artery disease 2 weeks after myocardial in- 
farction when patients undergo imaging after low level 
exercise or at rest. It represents an attempt to validate 
a quantitative approach to segmental scintigraphic 
analysis with coronary angiography in a series of con- 
secutive postinfarction patients, including those 


POST-MI PTS. EXERCISED 


N=42 
ST seg Multiple 2015 
Defects 
N-11 N=16 
1VD 2-3VD IVD 2-3VD 
N76 N=5 N=2 N=14 


FIGURE 3. Predictive accuracy of exercise thallium-201 scintigraphy 
for multivessel coronary artery disease. See text. N = number of pa- 
tients; POST-MI PTS. = patients after myocardial infarction; ST seg’ 
= S-T segment depression; ??'T| = thallium-201; VD = vessel dis- 
ease. 


deemed unable to undergo exercise testing before dis- 
charge. 


Scintigraphic Prediction of Extent and Location of 
Coronary Stenoses 


Sensitivity of method: Ninety-eight percent of the 
patients in this study had an abnormal exercise or 
resting scintigram, a proportion comparable or slightly 
higher than that reported previously.!2-!7 With use of 
quantitative image analysis, 74 (81 percent) of 91 ste- 
noses were detected in the 52 patients in our study 
group, even though 10 patients underwent serially 
imaging at rest and the remainder underwent only low 
level exercise stress testing to a maximal heart rate of 
120 beats/min. Massie et al.!° and Rigo et al.!6 reported 
respective sensitivity levels of 67 and 58 percent for 
overall detection of stenoses. Comparison of our results 
with these and other reported data!?-!6 is difficult be- 
cause of significant differences in study design and 
patient selection. All of our patients had a documented 
recent myocardial infarction. 

As expected, stenoses in arteries perfusing infarcted 
myocardium were more frequently detected than were 
stenoses in arteries perfusing noninfarcted myocardium. 
Indeed, the sensitivity of scintigraphy for detecting and 


TABLE Vil | 


Results of Discriminate Analysis of Exercise Variables to 
Distinguish Patients With Single Versus Patients With 
Multivessel Disease 





1VD 2-3 VD B 
Variable (n = 23) (n= 19) Value* 


METS achieved 4.7 3.3 2.1591 <0.035 

Positive graded treadmill test? 0.26 0.42  —2.9990 «0.005 

S-T segment depression? 0.26 0.26 3.0013 <0.005 

Multiple Daum pua 0.09 0.74  —5.6493 «0.001 
defects 


p 
Valuet 








* Coefficients of the linear discriminate function. t Ho:B = 0: + 0 = 
No, 1= yes. 

ANOVA: F = 13.807 with 4 and 37 degrees of freedom; p 
«0.001. 
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localizing infarct stenoses was extremely high (96 per- 
cent) and greater than that previously reported*°-® even 
though imaging was performed during the late hospital 
phase more than 10 days after the initial event. By 
comparison, only 62 percent of stenoses in arteries 
perfusing myocardium remote from the infarct were 
associated with either exercise or resting scintigraphic 
abnormalities. As expected from results of previous 
studies,?9^7 areas of myocardium perfused by infarct 
stenoses were usually associated with persistent defects, 
whereas areas supplied by noninfarct stenoses were 
primarily associated with redistribution defects. 

Role of severity of coronary stenosis: The severity 
of the coronary narrowing appears to be an important 
factor affecting scintigraphic results. Massie et al.,!° 
employing a qualitative planar imaging technique with 
maximal symptom-limited exercise testing, found that 
80 percent of vessels with severe (greater than 90 per- 
cent) stenosis but only 39 percent of vessels with mod- 
erate (70 to 90 percent) stenosis were detected. In our 
study, 87 percent of vessels with 90 percent or greater 
stenosis had thallium scintigraphic abnormalities 
compared with 53 percent of vessels with moderate 
narrowing. Again, the lower frequency with which 
moderate stenoses were detected was expected since our 
patients underwent either very low level exercise or 
imaging solely in the resting state. With higher levels 
of exercise stress, stenoses of lesser grade might have 
been more readily detected. 

Role of site of stenosis: The location of the coronary 
arterial narrowing appears to be another important 
determinant of overall sensitivity. We found that ste- 
noses in the circumflex coronary artery were less readily 
identified than those in the right coronary artery or left 
anterior descending artery. The respective sensitivity 
of values 63, 87 and 91 percent for which lesions in these 
three vessels were identified are higher than those 
previously reported for these vessels.!?.!^ Rigo et al.!6 
found that even for 100 percent occlusions, the sensi- 
tivity for detecting left circumflex, right and left ante- 
rior descending lesions by thallium scintigraphy was 
only 38, 58 and 87 percent, respectively. Wainwright et 
al.!? demonstrated higher sensitivity values for each of 
the three major coronary arteries but specificity was 
only 56 percent. The specificity of the quantitative 
image technique utilized in our study was 92 percent for 
detecting vessel stenoses. The explanation for finding 
a higher sensitivity for left anterior descending and right 
coronary artery disease is not entirely apparent. Al- 
though the prevalence of stenoses in the three major 
vessels was comparable by angiography, there were 
considerably fewer infarcts in the distribution of the left 
circumflex vessel (Table V). Since infarct stenoses were 
more easily detected scintigraphically than noninfarct 
stenoses, the fact that there were considerably fewer 
infarcts in the distribution of the left circumflex artery 
could therefore account for the lower sensitivity for 
identifying narrowings in this vessel. The amount of 
myocardium perfused by the left anterior descending 
artery and dominant right coronary artery is generally 
larger than that perfused by the left circumflex artery. 
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Consequently, in certain patients the mass of myocar- 
dium rendered ischemic during low level exercise or that 
hypoperfused at rest may be too small to be resolved 
scintigraphically. Finally, disease in the left circumflex. 
coronary bed may be confined to one of two marginal © 
vessels some of which supply only a small portion of the - 
posterolateral wall. However, when disease is noted i in 
a small marginal branch, “left circumflex disease” is 
designated even when no obstruction is found in the 
main left circumflex artery. In contrast, fewer patients 
were found to have isolated diagonal branch disease of 
the left anterior descending system. More often, s e: 
noses were found in the proximal or mid portion of the 
main left anterior descending coronary artery. 


Comparison With Stress Electrocardiography 


Drawbacks of exercise electrocardiography 
Exercise stress testing 7 days to 3 weeks after myocar- 
dial infarction is being performed without reported 
complications in a number of centers.??-*! One of the 
goals for exercise testing in the early convalescent phase - 
of myocardial infarction is to elicit S- T segment de: f 
pression or angina, or both, which may be predictive of 
future ischemic events.^? A myocardial infarction oc- | 
curring in the substrate of multivessel disease may be 
associated with a worse prognosis than one occurring in 
the presence of single vessel disease. Employing exer- 
cise electrocardiography alone to ascertain the extent 
and severity of underlying coronary disease in survivors 
of acute infarction has certain drawbacks. First, no data 
are available in such patients that correlate the exercise - 
S-T segment response with the underlying coronary 
anatomy before hospital discharge. Is S-T ems 
depression after infarction indicative of an ischemic. 
response remote from the infarct zone (multivessel 
disease) or persistent ischemia in myocardium sur- 
rounding or within the infarct (single vessel disease)? 
Second, in patients with conduction abnormalities, left 
ventricular hypertrophy and resting S-T segment de- 
viations, the sensitivity, specificity and predictive ac- 
curacy of exercise electrocardiography may be subop- 
timal.^? Third, many patients are unable to perform - | 
even low level exercise before discharge. Nineteen 
percent of the patients in our study were deemed unable | 
to undergo exercise testing because of angina at rest, 
uncompensated heart failure, poorly controlled ar- 
rhythmias or physical limitations. As a group, these 
patients had more extensive coronary disease by angi- 
ography, lower global cardiac reserve as assessed by the - 
four level New York Heart Association functional 
classification, a larger infarct by quantitative creatine 
kinase levels and more clinical evidence of heart failure 
in the coronary care unit. On the basis of previous. 
studies,9:44-46 the presence of these co- -morbidity factors 
portends a significantly irfcreased risk of major cardiac l 
complications after myocardial infarction. 

For the reasons stated, we sought to determine if the- 
addition of thallium scintigraphy during low level stress - 
or at rest could be utilized as a reliable noninvasive 
method to predict the extent of underlying coronary 
disease in postinfarction patients. By using quantitative 
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‘image analysis for measuring relative thallium activity 
dn "multiple vascular scan segments, we successfully 
identified 71 percent of all our patients with angio- 
graphically demonstrable multivessel disease. The 
identification of patients with two vessel disease (59 
percent) was lower than that of patients with three 
vessel disease (91 percent). The major reason for un- 
derestimating extent of disease was related to the low 


‘sensitivity for detecting noninfarct circumflex ste- 






— Many of the patients with multivessel disease in our 
study had a negative exercise test. The predictive ac- 
curacy of S-T segment depression for multivessel dis- 
ease was only 45 percent. In contrast, the predictive 
accuracy of exercise thallium-201 scintigraphy was 
igher, 88 percent. Finally, multivariate discriminant 
analysis selected the presence of multiple exercise- 
induced thallium defects as the most powerful predictor 
of multivessel disease. 

= Patients unable to undergo exercise testing: In 
patients who were unable to undergo exercise testing 
before hospital discharge for the clinical reasons stated 
previously, thallium-201 scintigraphy at rest was quite 
accurate in distinguishing single from multivessel dis- 
ease. This confirms our previous findings?? that patients 
with severe and extensive coronary artery disease have 
a high frequency of initial resting defects, many of which 
demonstrate redistribution over time. Hence, noninfarct 
stenoses, particularly if high grade, can be identified 
with a high degree of accuracy by thallium imaging at 
rest. 

Patients with single vessel disease and non- 
transmural infarction: The majority of the patients 
in this study who had single vessel disease associated 
with S- T segment depression had a nontransmural in- 
farction. One half of these patients also had partial re- 
distribution of thallium in the infarcted zone. These 
findings suggest that in this subgroup of postinfarction 
patients with single vessel disease, the ischemic S-T 
segment response to low level exercise most likely in- 
dicates the presence of remaining viable myocardium 
that is rendered ischemic with the increased oxygen 
demands produced by exercise stress. The observation 
of thallium redistribution in these infarcts lends support 
to this hypothesis. Further long-term follow-up studies 
in a large number of these patients appear warranted 
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to see if the incidence of recurrent ischemic events 
(sudden death, angina or reinfarction) is greater than 
observed in patients with single vessel disease, 
transmural infarction and a persistent thallium defect 
(“completed infarct”). 


Clinical Implications 


Several conclusions of clinical import can be derived 
from the data obtained in this study. (1) Quantitative 
thallium-201 scintigraphy performed during low level 
exercise or at rest correctly predicted the majority of all 
coronary stenoses and appears more sensitive than 
qualitative imaging techniques for both detection and 
evaluation of the extent of coronary artery disease. 
Approximately 90 percent of left anterior descending 
and right coronary arterial stenoses can be identified. 
Since no attempt was made to exclude patients, our 
findings should be applicable to all postinfarction pa- 
tients including those unable to undergo exercise testing 
because of complications during the convalescent period 
or physical limitations. (2) Myocardial segments cor- 
responding to zones of infarction usually demonstrate 
persistent thallium defects or partial redistribution, 
whereas noninfarct zones usually demonstrate redis- 
tribution or normal thallium uptake and washout. (3) 
The presence of multiple thallium-201 defects is highly 
accurate in predicting multivessel disease and is much 
more reliable than exercise electrocardiography. (4) 
Regional perfusion abnormalities are quite rare except 
in the distribution of stenotic vessels. The sensitivity 
levels reported in this study were obtained without loss 
of specificity. (5) In almost all patients with acute 
myocardial infarction, transmural or nontransmural, 
the infarcted region can be localized by scintigraphy, 
even if imaging is carried out in the late hospital phase. 
(6) Lastly, in certain patients, jeopardized (nonin- 
farcted) regions will not demonstrate abnormal thallium 
kinetics. In particular, stenoses of the left circumflex 
artery and those that are less severe are more often not 
detected. 
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Ninety consecutive patients with acute, isolated myocardial infarction 
were evaluated with two dimensional echocardiography. Satisfactory 
echocardiograms were obtained in 66 patients (73 percent). All patients 
were studied 2 to 12 hours after the onset of symptoms. Sixty patients had 
additional studies at 48 and 72 hours. Long axis views were obtained at 
the base, body and apex of the left ventricle. Five short axis views of the 
left ventricle were obtained at different levels from the cardiac base to 
the apex. The individual short axis views, corrected for the end-diastolic 
internal diameter of the left ventricle, were divided into equal segments 
and the area of asynergy in each view was estimated. 

Infarct localization was similar on electrocardiography and echocar- 
diography in 62 of 66 patients. In two patients the sites differed. Local- 
ization was possible only with two dimensional echocardiography in one 
patient. The results of an echocardiographic study in one patient were 
false negative. During the study period the individual asynergic area re- 
mained stable. The initial asynergic area correlated well (r — 0.87, p 
« 0.01) with the peak value of the isoenzyme of creatine kinase (CK-MB), 
which occurred hours later. Thus, two dimensional echocardiography is 
a reliable method to localize and quantify, early after the onset of symp- 
toms, the eventual extent of myocardial involvement in patients with acute, 
isolated infarction. 


It has become evident that the immediate and long-term prognosis of 
patients with an acute myocardial infarction is related to the site and 
extent of myocardial involvement.!-? In the last few years many nonin- 
vasive techniques have been developed to estimate the extent of myo- 
cardial damage.8-!^ Recently, two dimensional echocardiography has 
been shown capable of identifying the site of infarction in patients,!6-15 
and of estimating infarct size in animals.!?-?? The purpose of this study 
was to determine whether two dimensional echocardiography, performed 
within the first few hours after the onset of symptoms, can localize and 
estimate the ultimate extent of myocardial involvement in patients with 
an acute infarction. 


Methods 


Patients: Ninety consecutive patients who were admitted to our coronary 
care unit with a first myocardial infarction from November 1978 to March 1979, 
were studied. Acute myocardial infarction was documented by a typical clinical 
history, diagnostic Q waves in the electrocardiogram and elevation of the iso- 
enzyme of creatine kinase (CK-MB). In all 90 patients an initial two dimensional 
echocardiogram was obtained within 2 to 12 hours after the onset of symptoms. 
Twenty-four patients (27 percent) were excluded from the study because of in- 
adequate endocardial definition. This report concerns the remaining 66 patients 
who had serial studies at 48 and 72 hours unless they died (3 patients) or were 
transferred to another hospital (3 patients) within the 72 hours of the study 
period. 

The 66 patients consisted of 57 men and 9 women. Their average age was 55 
years (range 37 to 75). CK-MB determination was performed 8 hours after the 


\ 





onset of symptoms and repeated every 4 hours thereafter.?? 
A 12 lead electrocardiogram was made on admission and re- 
peated every 12 hours during the first 3 days. The electro- 
cardiographic infarct localization was performed according 
to the criteria of the New York Heart Association.?* 

Two dimensional echocardiography: Studies were per- 
formed using a commercial mechanical sector scanner ( Eko- 
Sector 1, Smith Kline Instruments) with a 30? sector arc and 
a 2.25 megahertz transducer. The scans were stored on vid- 
eotape for subsequent analysis. 

All patients were studied in the supine or 30? left lateral 
decubitus position. Parasternal and apical long axis views were 
made, respectively, of the base and body and of the apex of the 
left ventricle.” Multiple short axis views of the left ventricle 
were obtained by moving the transducer sequentially along 
the chest wall from the cardiac base to the apex and oriented 
with respect to internal cardiac landmarks.?9 Figure 1 shows 
the short axis views used for analysis: at the level of both mi- 
tral valve leaflets, the chordae tendineae, the papillary muscle 
tips, the papillary muscle bodies and the apex. T'he medial and 
lateral walls of the left ventricle were studied by rocking the 
transducer slowly back and forth on the chest wall. This was 
necessary because the entire cardiac short axis view often did 
not fit within our 30? sector. These views permit analysis of 
the anterolateral, posterolateral, apical, septal and inferior 
regions of the left ventricular wall.?? False interpretation of 
wall motion was avoided by placing the transducer on the 
chest wall until the short axis views had a circular configura- 
tion.?? The optimal transducer position was marked on the 
chest wall with indelible ink at the time of the first echocar- 
diographic study, so that the same position could be used in 
the later studies. 

Echocardiographic analysis of site and size of infarc- 
tion: Each two dimensional echocardiographic recording was 
analyzed for the presence and extent of asynergic endocar- 


FIGURE 1. Diastolic stop frame, short 
axis views of the left ventricle (LV) re- 
corded at the level of (a) both mitral 
valve leaflets; (b) the chordae tendineae 
(ch); (c) the tips of the papillary muscles 
(pm); (d) the bodies of the papillary 
muscles; and (e) the apex. A — anterior; 
IVS = interventricular septum; L = left; 
MVO = mitral valve ostium; P = pos- 
terior; R = right. 
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dium. Asynergy was defined as hypokinesia, akinesia or dys- 


kinesia, as judged by the overall visual impression of an ob- - 


server after reviewing each study in real time, slow motion and 
stop frame formats. Asynergy was termed “anterior” if it oc- 
curred in the anterolateral, apical or septal region as defined 
by Kisslo et al.?? and “inferior” if it occurred in the postero- 
lateral or inferior region. Figure 2 shows diagrammatically how 
we estimated the area of myocardial involvement: The left 
ventricular wall of each individual short axis view was divided 


into equal segments dependent on the left ventricular end- - 
diastolic internal diameter. The asynergic area was expressed - 
as a percent of the total number of segments (Fig. 3), and thus | 


represents the proportion of the left ventricular myocardium 
that was involved. 


Statistical analysis: All echocardiograms were analyzed | 


independently by two of us, without prior knowledge of the 
clinical data. The results were compared and discrepancies 
were resolved by consensus. Precomparison interobserver 


variation was minimal (r = 0.97). The paired t test was used © 


for testing the significance of differences of data. 


Results 


Correlation of asynergy with electrocardio- 
graphic infarct localization: The electrocardio- 
graphic site of infarction was anterior in 31 patients, 
inferior in 29, anteroinferior in 4 and uncertain in 2. In 
62 of the 66 patients the site of infarction was the same 
on two dimensional echocardiography as on electro- 
cardiography. In two patients there was a discrepancy: 
In both, the electrocardiogram revealed an isolated in- 
ferior infarction, whereas the two dimensional echo- 
cardiogram revealed additional involvement of the 
septum in one patient and of the apex in the other pa- 





ad s "che as (ad Al 
_ INFARCT SIZE BY TWO DIMENSIONAL ECHOCARDIOGRAPHY—VISSER ET AL. 


a aa} Tani gle Ws plies noe bee ww. ald 
eos > A A > 
A " > 4 





15 
DA: 6 


=N 





shown in Figure 4. A small increase (0.5 percent + 0.2, 
ee + standard error of the mean) in the asynergic 
area was noted over the first 48 hours of the study pe- 
riod. This small increase was significant (p <0.05) at the 
5 percent confidence level. 
f Correlation of asynergic area and CK-MB: The 
initial asynergic area of the patients studied serially was 
compared with the peak value of CK-MB (Fig. 5). A 
- close linear correlation was found between the echo- 
_cardiographic and enzymatic estimates of myocardial 
involvement (r = 0.87, p <0.01). 
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Discussion 


-~ Infarct localization: This study confirms previous 
observations that two dimensional echocardiography 
is capable of accurately locating the site of acute myo- 
cardial infarction. The fact that wall motion abnor- 
malities in this study were largely limited to the area of 
infarction is probably explained by the selected nature 
of the patients, all of whom were undergoing a first in- 
_farction. Only one patient with a small infarction (peak 
.CK-MB 5.3 IU/liter; normal 2 IU/liter or less) had a 
false negative result on echocardiography. 
J In two patients with echocardiographic evidence of 
isolated inferior infarction, the two dimensional studies 
showed asynergy of the posterior segments as well as 
additional akinesia of the septum in one and additional 
dyskinesia of the apex in the*other. Recently, Heger et 
al.!© reported on four patients with isolated inferior 
infarction and an acute ventricular septal defect: All 
showed, besides asynergy of the posterior segments, 
dyskinesia and marked distortion of the septum, that 
protruded into the right ventricle. Lengyel et al.29 found 
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FIGURE 2. Diagrammatic representation of the model 
used to quantify the area of myocardial involvement. The 
left ventricular wall of the five short axis views (shown 
in Figure 1) used for analysis was divided into equal 
segments dependent on the end-diastolic internal diam- 
eter of the left ventricle. The asynergic area (DA) of en- 
docardium (dotted area) was expressed as a percent of 
the total number of segments (36) in the five short axis 
views. 


a large incidence of apical involvement in patients with 
isolated chronic inferior infarction. These discrepancies 
agree with pathologic reports??-?? that inferior infarc- 
tion may extend into the adjacent segments of the left 
ventricle without concomitant electrocardiographic 
changes. 

Infarct quantification: The mathematical model 
we used to quantify the extent of left ventricular asyn- 
ergy from two dimensional echocardiograms was based 
in part on the experimental models of Weyman!? and 
Heng” and their colleagues. Both groups of investiga- 
tors made multiple short axis views from the cardiac 
base to the apex and found a good correlation between 
the asynergic myocardium and the histologically mea- 
sured infarct size. We did not use a parasternal short 
axis view at the upper part of the left ventricular outflow 
tract because the posterior portion of this image is 
largely left atrium and thus does not fit our mathe- 
matical model. Moreover, in our experience and that of 
other investigators! this area of the left ventricle is 
rarely affected by wall motion abnormalities due to 
coronary artery disease. 

Asynergic area: The initial asynergic area in the 60 
patients studied serially ranged from 0 to 63 percent. 
One patient, who was studied once and died from car- 
diogenic shock shortly after admission, showed an 
asynergic area of 76 percent. Rogers et al.,?? using a 
truncated cone formula to calculate the endocardial 
surface area, found 79 percent of the myocardium 
asynergic in a patient who survived the early hospital- 
ization period. Because more than 40 percent loss of 
myocardial tissue is usually fatal,? these data cannot 
reflect loss of myocardium alone. 

We considered only wall motion which, in contrast to 
wall thickening, is affected not only by myocardial fiber 
shortening but also by several other conditions.?4-?8 
Human?? and experimental studies?? have demon- 
strated that abnormal contracting myocardium may 
affect motion of adjacent normal myocardium, the 
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“adjacent non-ischemic dyskinesis phenomenon.” ?* apparent difference might be due to disparate meth- 
Moreover, in animal studies two dimensional echocar- odology. Data that support our contention that wall 
diographic quantification of infarct size, by only con- motion is related to infarct size were recently demon- 
sidering motion, may slightly overestimate the histo- strated by Morrison et al.,*? who found a reasonable 
logic infarct size.'9:2° Pathologic data on the three pa- correlation (r — 0.72) between the peak value of CK- MB 
tients who died shortly after admission were not avail- and wall motion as estimated by radionuclide gated. 
able. blood pool imaging in patients with isolated myocardial 
In contrast to our data and those of Bloch et al.,*! infarction. 
Hegar et al.4? found no correlation between wall motion Serial echocardiographic studies: Experimental 
changes and enzymatic indicators of infarct size. This infarct size increases with time, and its ultimate extent 





FIGURE 3. Stop frame short axis views at the end 
of diastole (A) and systole (B) 2 hours after the 
onset of symptoms in a patient with an acute an- 
terior infarction. In C the position of the endocar- 
dium during diastole is represented by a solid line, 
and during systole by a dotted line. Asynergy is 
present in all these views. In D, the circle in the 
line drawings represents the endocardial cir- = 25 
cumference of the left ventricle. The total area of - j 
asynergic endocardium at each level of the left 
ventricle is demarcated by the thick part of the 
circle. The asynergic area (DA) is calculated as 
38 percent. EN — endocardium. Other abbrevia- 
tions as in Figure 1. 
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FIGURE 4. Individual asynergic area (DA) measurements from the first, 
second and third echocardiographic examinations in 60 patients with 


L 
is determined between 6 to 24 hours after coronary li- 
E Little is known about this period in human 
L sings. Wackers et al.4° demonstrated with repeated 
thallium-201 scintigraphy that the size of the defect 
tended to decrease within 24 hours, “probably owing to 
regressing of ischemia." However, reversible ischemia 
nay affect regional wall function for a long period.*® 
Serial two dimensional echocardiographic studies after 
acute myocardial infarction!” have demonstrated that 
regional wall motion may improve after 3 days. We 
noted during the first 48 hours of the study period a 
small increase of the asynergic area. Although signifi- 
cant at the 5 percent confidence level, this increase was 


considered too small to be of clinical interest. 
| 
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y =0.34 X +64 
p< 0.01 
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FIGURE 5. Comparison between echocardiographic quantification of 
asynergic area (DA) and peak value of the isoenzyme of creatine kinase 
(CK-MB) in 60 patients with acute myocardial infarction. 


Limitations of echocardiography: The most im- 
portant limitation in the application of two dimensional 
echocardiography in the coronary care unit is the 
moderate success rate in obtaining adequate echocar- 
diograms for analysis. We were able to record the entire 
endocardial surface of the left ventricle in only 73 per- 
cent of the patients studied. This percent is somewhat 
lower than in previous reports!9.^7 and may be due to 
our patient population, methodologic differences and 
the subjective judgment of what “adequate” quality is. 
Another limitation of our method is that by only con- 
sidering wall motion the actual infarct size is probably 
overestimated. 

Clinical implications: Our data indicate that two 
dimensional echocardiography offers the opportunity 
to determine on admission, at the bedside, the site and 
ultimate extent of the area of myocardial involvement. 
This can be done within the first few hours after onset 
of symptoms before the peak value of CK-MB occurs. 
Because two dimensional echocardiography can fre- 
quently be repeated it is an attractive method for 
evaluating therapeutic interventions. 
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- KAICHIRO ISHIKAWA, MD Eighty-one young Japanese patients with occlusive thromboaor- 

x topathy (Takayasu’s disease), including nine men, were followed 
up prospectively for 7.4 + 5.8 years (mean + standard deviation) 
after the established diagnosis. These patients were classified ac- 
cording to the presence and severity of four major complications 
(Takayasu’s retinopathy, secondary hypertension, aortic regurgi- 
tation and aortic or arterial aneurysm) attributed to Takayasu’s 
disease at the time when the diagnosis was established: no com- 
plications (group |) or mild single complication (group Ila) and severe 
single complication (group llb) or multiple complications (group III). 
When the data were analyzed with the life table method, severe 
events attributed to Takayasu's disease, as well as death, were used 
as end points. Seven of the 81 patients were surgically treated; 2 
of the 7 died and 1 had severe events postoperatively. In the re- 
maining 74, the 10 year cumulative eventless survival rate after the 
diagnosis in combined groups | and Ila (44 patients) and combined 
groups lib and Ill (30 patients) was 97.0 + 2.9 (mean + standard 
error of the mean) and 58.6 + 11.3 percent, respectively (p « 0.002). 
These data are useful for predicting death or severe events, or both, 
and provide basic information regarding possible elective surgery 
for patients with this intractable disease. 


- Kyoto, Japan 


Occlusive thromboaortopathy (Takayasu’s disease), which has a 
1 worldwide distribution,!-? is a chronic inflammatory arteriopathy 
P. of unknown origin and is prevalent in women.‘ The nature of the 
E disease gives rise to four main complications, namely, Takayasu’s 
3 hypotensive ischemic retinopathy, secondary hypertension, aortic 
: regurgitation and aortic or arterial aneurysm.? Coronary arterial 
| lesions are rarely associated with this disease.97 These cardiovas- 
I cular disorders of Takayasu’s disease vary and the prognosis for 
| survival and physical activity differs with the individual patient. 
Thus, an adequate classification representative of the clinical 
features of this disease and predictive of the prognosis has long 
| been required. In a previous report on its natural history, it was 

suggested that the prognosis of patients with severe single or 
| multiple complications is poorer than that in patients without or 
| with only mild complications.® 
f Physicians are often reluctant to propose surgical treatment for 
: an individual patient with Takayasu’s disease because (1) there 
is no comparable study on the prognosis for medically and surgi- 


From the 3rd Division, Department of Internal 


Medicine, Faculty of Medicine, Kyoto University, cally treated patients; and (2) there are surgical problems specific 
Kyoto, Japan. Manuscript received October 27, to this disease, which involve an inflammation of the arterial 
1980; revised manuscript received January 5, wall].8-10 


1981, accepted January 8, 1981. 


is This report describes the course, complications and survival of 
Address for reprints: Kaichiro Ishikawa, MD, 


Ihe 3rd Division, Department of Internal Medicine, 8l patients with Takayasu's disease who were followed up after its 
Faculty of Medicine, Kyoto University, Kyoto 606, diagnosis had been established. The data are presented from the 
Japan. standpoint of the prognosis for survival and physical activity. To 
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determine predictors of death or severe events, or both, 
the long-term survival rate of the surgically treated or 
medically managed patients and the morbidity during 
the follow-up period are compared statistically. In ad- 
dition, subjective symptoms related to the prognosis are 
analyzed. This study may provide an objective basis not 
only for elective surgery but also for a comparison with 
the prognosis of surgically treated patients. 


Methods 


Patient selection: During the 22 year period from May 
1957 to December 1979, a total of 81 Japanese patients with 
Takayasu’s disease, including 54 patients previously de- 
scribed, were admitted to the Third Department of Internal 
Medicine, Kyoto University where the diagnosis of Takayasu's 
disease was established. Of the 81 patients, 72 were women. 
The average age (+ standard deviation) at the time of the 
established diagnosis was 31 + 10.6 years. The series included 
two familial cases—twin sisters and another two sisters. 

In 76 of the 81 patients, angiography or autopsy, or both, 
was performed, and in the remaining 5 the diagnosis was made 
clinically. The pulmonary circulation of 70 patients was 
studied, with pulmonary arteriography, cardiac catheteriza- 
tion and perfusion lung scanning in 53, and with perfusion 
lung scanning alone in 17. 

Patient classification: The 81 patients were classified into 
four groups (groups I, IIa, IIb and III, Table I) according to 
the previously reported criteria,” except for a slight modifi- 
cation of the criteria of the severity of Takayasu’s retinopathy. 
The patients were classified according to the presence and 
severity of four complications attributed to Takayasu’s disease 
at the time the diagnosis was established. 

Group I (uncomplicated Takayasu’s disease) included 14 
patients with Takayasu's disease with or without involvement 
of the pulmonary artery. All 14 patients had narrowing Or 
occlusion in some region of the aorta or its main branches, or 
both. 


TABLE ! 


Clinical Classification of 81 Patients With Occlusive Thromboaortopathy (Takayasu's disease) and Number of Deaths and 


Patients Alive With Severe Events 


Classification 
at Time 
of Diagnosis n 


Group | (no complications) 14 
Group Il (single complication) 47 
Takayasu's retinopathy 18 
lla, mild or moderate 12 
llb, severe 6 
Secondary hypertension 25 
lla, mild or moderate | 17 (27) 
llb, severe 8 (17) 
Aortic regurgitation 
Aneurysm 
lla, mild or moderate 3 
llb, severe 1 
Group III (multiple complications) 20 
AR, SH 


Ao 


Total Patients 











Group II comprised 47 patients with one of the following 
complications together with Takayasu's disease: (1) 'Ta- 
kayasu's retinopathy; (2) secondary hypertension; (3) aortic 
regurgitation; or (4) aortic or arterial aneurysm. This grou D 
was further classified according to the severity of these com- 
plications into group IIa (mild or moderate complications) an d 
group IIb (severe complications). 1 

Group III included 20 patients with two or more of the four 
complications together with Takayasu's disease: 4 

Criteria for severity of each of the four complications: 
Retinopathy: 'The severity of Takayasu's retinopathy was 
made estimated according to the classification of Uyama and 
Asayama!!: stage 1, dilatation of small vessels; stage 2, mi 
croaneurysm formation; stage 3, arteriovenous anastomoses; 
stage 4, ocular complications. In this report, the mild and 
moderate complications are identical with stage 1. The severe 
complications are equivalent to stages 2, 3 and 4, although 
stage 2 retinopathy was identical with the mild or moderate: 
form in the previous study. The rationale is that the mi- 
croaneurysm formation in the retinal vessels in Takayasu's 
disease did not occur until cervical arterial lesions had become 
extensive and severe. The findings in the ocular fundi of all. 
patients in this series were those of one of two ophthalmolo- 
gists, or both, who also performed all the measurements of 
retinal arterial pressure. 

Hypertension: Blood pressure values were graded as fol- 
lows: mild hypertension, 140 to 159 mm Hg brachial systolic 
or 90 to 94 mm Hg diastolic, or both, or 160 to 179 mm Hg 
popliteal systolic or 90 to 94 mm Hg diastolic, or both; severe 
hypertension, 200 mm Hg or greater brachial systolic or 110. 
mm Hg or greater diastolic, or both, or 230 mm Hg or greater. 
popliteal systolic or 110 mm Hg or greater diastolic, or both; 
moderate hypertension, values between the mild and severe 
forms. For the measurement of blood pressure in the thighs, 
an 18 cm width cuff was used. In some patients it was impos- 
sible to obtain the “correct” blood pressure in any limb be- 
cause of occlusion or marked narrowing of the aorta or its main 
branches, or both. In these patients the blood pressure was. 
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Patients Alive 


Patients Who With Severe E 
96 Died (n) Events (n) | 
17.8 T" 0 
58.0 
22.2 | 
0 0 
1 2 
30.9 
2 (17) 0 
3 (17) 1 
0 
4.9 
1 0 
0 0 
24.7 d 
» up (1%) 
1 0 
1 (17) 
0 0 
0 0 
0 0 
0 0 


* Died with uterine cervix carcinoma. * Numbers in parentheses indicate those with surgical treatment. 
AN = aneurysm; AR = aortic regurgitation; SH = secondary hypertension; TR = Takayasu's retinopathy. 
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evaluated on the basis of retinal arterial pressure in 
ophthalmodynamometric measurements or blood pressure 
in the ascending aorta by means of direct measurement. 
JA Aneurysm: Severity of aneurysm of the aorta and its main 
branches was assessed with angiography. Severe aneurysm was 
defined as a diameter more than twice that of normal vessels. 
As a rule, severity of aortic regurgitation was assessed angio- 
graphically.!? The aortographic grades of 3+ and 4+ were 
defined as severe aortic regurgitation. 
i. Definition of severe events: A life-threatening or disabling 
condition attributed to Takayasu’s disease and occurring 
during the follow-up period was defined as a severe event. 
Such events in this series included cerebrovascular accidents 
with sequelae, acute pulmonary edema, dissecting aneurysm 
of the aorta, unilateral or bilateral permanent blindness and 
massive hemoptysis or hematemesis (see Table IV). 
_ Follow-up after diagnosis: Each patient was prospectively 
followed up for observation periods ranging from 1.5 months 
to 22.6 years (mean + standard deviation 7.4 + 5.8 years) from 
May 1957 through December 1979 (Table II). Of the 81 pa- 
tients, 58 were examined by me at least every 6 weeks after the 
peaetiosis was established. Of the remaining 23 patients, 17 
E were followed up in this manner for the first 5 years; after that 
time, 10 were examined at least once a year and 7 were mainly 
Hollowed up by a referring physician. The final 6 patients were 
followed up only by a referring physician, after a few years of 
outpatient care by me because these patients lived far from 
this center. Information on the condition of these 13 patients 
was obtained once a year in letters sent by the referring phy- 
sicians or the patients, or both. 

Of the 12 deaths, 5 were directly confirmed by me, including 
a autopsy cases. In the remaining seven deaths, the cause of 
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Patients Alive 


i 
| 
| 
í 
lr 


í Years at Beginning of Interval (n) 
R, After 
-Diagnosis Total Groups |, lla Groups llb, III 
0-1 74 44 30 
| 1-2 68 40 28 
2 2-3 61 37 24 
" 3-4 56 36 20 
y 4-5 48 31 17 
is 5-6 41 26 15 
i 6-7 37 23 14 
h 7-8 33 20 13 
| 8-9 28 17 11 
; 9-10 24 14 10 
E 10+ 23 14 9 
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death was learned from the patient's physician. Eight of the 
10 severe events were verified by me; the remaining 2 were 
diagnosed by the patient's physician. Thus, as of December 
1979 the current status of all 81 patients in this series was 
known. 

Statistical analysis: To determine the prognosis for sur- 
vival and physical activity of the total group and of the various 
subgroups of patients, the cumulative survival rate and the 
cumulative eventless survival rate were estimated using the 
life table method.!? The seven patients who underwent sur- 
gical treatment were not included in the calculations. When 
an eventless survival rate was calculated, the first severe event 
as well as death was used as the end point. Therefore, any 
patient who died or suffered from the first severe event during 
the follow-up period was excluded from the group. Compari- 
son of prognoses for two subgroups of patients in combined 
groups IIb and III was carried out using the chi-square method 
with Yates correction for continuity (Table III). 


Results 


Classification and distribution of patients: The 
classification of the 81 patients, including that of the 12 
who died and the 5 living patients with severe events, 
is presented in Table I. Group I included 14 patients, 
group II 47 patients (32 in group Ila and 15 in group IIb) 
and group III 20 patients. Therefore, combined groups 
I and IIa comprised 46 patients, including 2 who were 
surgically treated, and combined groups IIb and III 
comprised 35 patients, including 5 who were surgically 
treated. Eight patients (9.9 percent) with the compli- 
cation of aortic regurgitation were in group III. A com- 


Number of Years of Follow-Up After Establishment of Diagnosis and Number of Patients Alive at Beginning of Interval* 


Patients Alive Without Severe Events 
at Beginning of Interval (n) 


Total Groups |, lla Groups llb, III 
74 44 30 
68 40 28 
59 37 22 
55 36 19 
45 30 15 
39 25 14 
35 22 13 
31 19 12 
26 16 10 
21 13 8 
20 13 7 


* Total number of patients = 74 (67 women, 7 men); 7 surgically treated patients are excluded. 


Relation Between Severity of Symptoms at Diagnosis and Prognosis During the 5 Year Period After Diagnosis in 21 Patients 


in Combined Groups llb and IJI 


Severity of Symptoms at Patients 
I Time of Diagnosis Total Who Died 
No marked restriction of 12 0 
physical activity 
Marked restriction or bed rest 3 6 
Total 21 6 


Prognosis During 5 Year Period After Diagnosis 


Patients Alive 
With Severe Events 


Patients Alive 
Without Severe Events 


1 11 
0 3 
1 14 
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YEARS FOLLOWING DIAGNOSIS 
FIGURE 1. Overall survival rate and overall eventless survival rate after 


establishment of the diagnosis in 74 patients. The vertical bars indicate 
the standard error. 


plicating aneurysm was present in 13 patients (16 per- 
cent), 4 in group II and 9 in group III. Of the 70 patients 
whose pulmonary circulation was studied, 38 (54.3 
percent) had involvement of the pulmonary artery and 
19 of the 38 had one or more lobar arterial occlusions or 
their equivalent. 

Overall survival: The total number of patients (74) 
in combined groups I and IIa and combined groups IIb 
and III entering each year of follow-up is given in Table 
II. The average age at the time of the established diag- 
nosis and of the onset of symptoms of Takayasu’s dis- 
ease in these two groups was 31.2 + 10.8 (mean + stan- 
dard deviation) and 22.4 + 7.8 years, respectively. Fig- 
ure 1 shows two curves of survival after establishment 
of the diagnosis of Takayasu’s disease for the total group 
of 74 patients, one representing survival rate and the 
other eventless survival rate. The eventless survival rate 
decreased from 86.8 percent in the 5th year to 80.3 


percent in the 10th year, although the 10 year survival _ 


rate of 89.7 percent was the same as the 5 year rate. 
Comparison of survival rates: Figure 2 compares 
two survival curves after establishment of the diagnosis 
of Takayasu’s disease in patients in combined groups 
I and IIa and combined groups IIb and III. The 10 year 
survival rate for the 44 patients in groups I and IIa was 
100 percent. For the 30 patients in groups IIb and III, 
there was a gradual fall of the survival curve within the 
first 5 years and no deaths within the subsequent 5 
years. Therefore, the 5 and 10 year survival rates were 
both 74.2 percent and were significantly lower than 
those for the patients in combined groups I and IIa (p 
<0.005). The average age at the time of the established 
diagnosis and of the onset of symptoms of Takayasu’s 
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FIGURE 2. Comparison of survival rates after establishment of the di- 


agnosis in patients in groups | and Ila and groups IIb and IIl. The vertical 
bars indicate the standard error. p — probability. 


disease did not differ significantly in combined groups. 
I and IIa and combined groups IIb and III (¢ test). k 

Comparison of eventless survival rates: The ev- 
entless survival rates are compared in Figure 3. The 10. 
year eventless survival rate for patients in groups I and- 
IIa was also excellent (97.0 percent). However, in pa- 
tients in groups IIb and III this survival rate decreased 
with considerable rapidity within the first 5 years (71.7 - 
percent) and the decrease continued through the 10 year. 
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period (58.6 percent). There was a significant difference 
between the 5 and 10 year eventless survival rates for 
patients in groups I and IIa and those for patients in 
groups IIb and III (respectively, p <0. m and p 
- «:0.002). 

Relation between symptoms and prognosis in 
high risk patients: Of the 30 patients in combined 
groups IIb and III (a “high risk" group) 21 were followed 
-up for more than 5 years. In these 21, the relation be- 
tween severity of symptoms at the time the diagnosis 
was established and prognosis during the 5 year period 
- after its establishment is shown in Table III. Twelve of 
the 21 patients had no marked restriction of physical 
activity at the time of the diagnosis and all but 1 had no 
severe events, whereas the remaining 9 were severely 
disabled by easy fatigability, dyspnea, recurrent syn- 
 copal attack or blurred vision or headache, and six of the 
mine died within 5 years. Events in these 9 patients were 


more frequently associated with death or severe disor-, 


ders or both, than were events in the other 12 patients 
(p <0.025). Therefore, it appeared that the worst com- 
bination of clinical features in Takayasu's disease was 
multiple complications or a severe single complication 
_and severe disability. 
. Medical treatment: During the follow-up period, 
-corticosteroid and anticoagulant therapy was given, 
usually concomitantly, to 41 and 47 patients, respec- 
tively. Corticosteroids were prescribed in the active 
- stage of the disease. The initial daily dosage was usually 
30 to 50 mg of prednisolone, more often the latter dos- 
age, and gradually the dosage was reduced to 10 to 20 
mg. In general, these patients with an accelerated 
erythrocyte sedimentation rate responded remarkably 
well to corticosteroid therapy. Not only were their 
complaints reduced but progression of arterial in- 
volvement during the active period of the disease was 
prevented. However, among the 41 treated with a cor- 
ticosteroid, 11 were taking the drug for more than 4 
years. Gastric ulcer due to a combined therapy of steroid 
.and acetylsalicylic acid developed in two patients. In 
these patients the steroid therapy was uneventfully 
continued and the aspirin was discontinued. As adju- 
yant drugs, aspirin and vasodilators were prescribed. 
For symptomatic therapy, digitalis, antihypertensive 
agents and antibiotic drugs were frequently used. 
= Surgical treatment: Surgery was advised for nine 
patients, of whom seven had surgical repair, including 
one who was operated on before the diagnosis was es- 
tablished. One patient was scheduled for surgery after 
steroid therapy for a markedly accelerated erythrocyte 
‘sedimentation rate and the remaining patient refused 
to have surgical treatment. The procedure consisted of 
an aortoaortic bypass graft for coarctation of the tho- 
racic aorta in two patients (Cases 50 and 60, group IIa), 
patch graft of the abdominal aorta in one (Case 9, group 
IIb), aortorenal bypass graft in one (Case 27, group III), 
unilateral nephrectomy in two (Cases 39 and 67, group 
III) and aortocarotid bypass graft in one (Case 57 in 
group III). Of these 7 patients followed up for 5.0 + 3.8 
years, two died and one had severe events after the op- 
eration (Table IV). One operative death (Case 9) was 


due to abdominal bleeding. One other death (Case 50) 
was due to recurrent massive hemoptysis or hematem- 
esis, or both, 17 months after the bypass graft of the 
thoracic aorta, although the hypertension was alle- 
viated. Autopsy findings revealed esophageal ulcers and 
pulmonary bleeding but no rupture at the sites of the 
anastomoses. The diagnosis of Takayasu's disease was 
further confirmed by histologic evidence of aortitis. 

In Case 57, complete bilateral blindness developed 
approximately 1 year after the bypass graft from the 
ascending aorta to the distal portion of the right com- 
mon carotid artery because of an occlusion of the graft. 
In Cases 27 and 39 (Table IV) and Case 67, the surgical 
treatment was performed for renovascular hypertension 
and the markedly elevated blood pressure decreased 
considerably. In Patient 60 with the ascending aorta to 
abdominal aortic bypass graft, the erythrocyte sedi- 
mentation rate, which had been within normal range 
before the operation, was accelerated about 1 month 
after the operation, although the hypertension was 
ameliorated. Corticosteroid therapy was then ini- 
tiated. 

Deaths and severe events (Table IV): Eleven pa- 
tients died of Takayasu's disease during the follow-up 
period, including 3 (Cases 11, 16 and 21) who died more 
than 10 years after the diagnosis was established. In 
these 11 patients, the average age at death was 38.5 
years. As of December 1979, there were five living pa- 
tients with severe events attributed to Takayasu's dis- 
ease. All these severe events but one (in Case 2) occurred 
within 10 years after establishment of the diagnosis. 
Among the major factors related to death and severe 
events were congestive heart failure, cerebrovascular 
accidents and blindness. 


Discussion 


Complications and survival rates: In the present 
study, the 5 and 10 year survival rates for patients in 
combined groups I (no complications) and IIa (mild or 
moderate single complication) and combined groups IIb 
(severe single complication) and III (multiple compli- 
cations) were compared to provide further evidence that 
the severe single complication and multiple complica- 
tions of any degree are accurate predictors of these 
survival rates. This attempt was fruitful in that there 
was a significant difference between these survival rates 
in the two groups (p «0.005, Fig. 2). The extrapolation 
of these data to populations from other institutions, 
except for surgical departments, may also be feasible 
when the patients are similarly grouped. It is notewor- 
thy that the 10 year survival rate for patients in com- 
bined groups I and IIa was 100 percent. 

The occurrence of severe events during the follow-up 
period usually was an ominous sign of later death or 
resulted in marked restriction of physical activity, or 
both. In fact, 5 of the 10 patients who manifested severe 
events died of Takayasu’s disease and 4 of the 5 died 
within 5 years after the events. In the remaining five 
patients who were alive as of December 1979 in spite of 
severe events, physical activity is greatly restricted in 
two (Table IV). For this reason, severe events and death 
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Duration of Disease, Grouping and Severe Events and Major Factors Related to Death in 16 Patients 


Alive 


TABLE IV 
Age (yr) 
At As of 
Occurrence 
At At of Severe At ber 
Case Onset Diagnosis Events Death 
2 12 19 36 es 39 
9 16 21 (23*) 
10 39 42 43 
11 21 21 31 
16 26 40 48 52 
17 17 19 28 iens 35 
20 27 62 e. 67 
21 40 44 48 55 
22 13 19 E 21 
28 14 23 a^ 25 
32 28 46 50 50 Dus 
39 24 40 40 (41*) "o 48 
41 28 35 36 ‘os 42 
45 23 31 33 34 ae 
50 18 21 (21*) 23 23 
57 28 41 (42*) 43 om, 45 
Av 23.4 32.8 38.5 38.5 


Decem- 


1979 


41.8 


Classification 


at Time of Severe Events Major Factors 
Diagnosis After Diagnosis Related to Death 
G llb: SH Subarachnoid 
hemorrhage 
G llb: SH S Aortic reconstruction 
G llb: SH Congestive heart failure 
G lla: SH i Cerebrovascular accident 
G llb: SH Subarachnoid Cerebrovascular accident 
hemorrhage 
G llb: TR Cerebral hemorrhage 
at 2nd stage of 
delivery 
G Ill: SH, AR cas Cerebral thrombosis 
G lla: AN Dissecting aneurysm Cerebral embolism 
G Ill: SH, AR ies Sudden death, congestive 
heart failure 
G Ill: SH, AN "ET Congestive heart failure 
G llb: TR Unilateral blindness Steroid withdrawal shock 
G lll: SH, AR Acute pulmonary AF 
edema 
G llb: TR Unilateral blindness cit 
Gill: TR, SH Bilateral blindness Cerebral embolism 
G lla: SH Massive hemoptysis Recurrent massive 
and/or hematemesis hemoptysis 
and/or hematemesis 
G lil: TR, SH Bilateral blindness => 





* Ages at time of surgical treatment. 


AN = aneurysm; AR = aortic regurgitation; Av. = average; G = group; SH = secondary hypertension; TR = Takayasu’s retinopathy. 


were used as end points in the calculation of eventless 
survival rate. For the 44 patients in combined groups 
I and Ila, the 10 year eventless survival rate was also 
good (97.0 percent). In addition, in most of these pa- 
tients there was no restriction of normal activities while 
they were being treated with steroids, antihypertensive 
agents and under close observation. There was no in- 
cidence of maternal death during the course of 13 de- 
liveries of 10 women. All 13 babies were born healthy. 

In contrast with this excellent prognosis, the 10 year 
eventless survival rate for the 30 patients in groups IIb 
and III decreased to 58.6 percent with time (Fig. 3). 
There were only four deliveries of four women, including 
one patient who had a cerebral hemorrhage at the sec- 
ond stage of delivery (Case 17, Table IV). These four 
babies tended to have a low birth weight. Thus, com- 
bined groups I and Ia and combined groups IIb and III 
were a “low risk" group and a “high risk" group, re- 
spectively. It is apparent that a severe single compli- 
cation and multiple complications regardless of severity 
are reliable predictors of death or severe events, or both, 
among patients with Takayasu’s disease. In the high risk 
group of patients, subjective symptoms of severe dis- 
ability at the time of the established diagnosis were also 
good predictors of death or severe events, or both. Such 
serious symptoms probably reflect the critical status of 
the functional reserve capacity of the affected organ, 
because of the association with multiple or severe single 
complications. However, in the low risk group of pa- 


tients, the subjective symptoms were not reliable pre- 
dictors with regard to prognosis. 

Medical versus surgical therapy: All but a few 
patients in groups I and IIa responded well to chemo- 
therapy rather than to surgery. However, surgical 
treatment may be effective for some patients in groups 
IIa, IIb and III who have hypertension secondary (1) to 
coarctation of the aorta but without significant bilateral 
lesions of the renal arteries or (2) to narrowing of a 
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unilateral renal artery in the inactive phase of the dis- 4 
ease. In such patients, excellent surgical results have — 


been reported.!° 


It is difficult to recommend surgical treatment for an — 


individual patient in combined groups IIb and III (high 


risk group). The surgical problems specific to this dis- — 


ease?-1014 may be represented by Kimoto’s observa- 


tion!? that if the inflammation of the arterial wall is — 


active, the possibility of suture failure or aneurysm 
formation as well as occlusion of the graft is higher than 
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in the case of arterial disease of other causes. In fact, © 
among 116 patients with Takayasu’s disease reported - 
on between 1951 and 1977, 677 (57.8 percent) were sur- 


gically treated and 18 (26:9 percent) of these died, in- 


cluding 11 who died at operation and 7 who died late. 


Three of the 11 operative deaths were attributed to 
intracerebral and subarachnoidal bleeding after the 
cervical arterial reconstructive surgery. 

In the present study, among 30 patients in the high 
risk group who were not treated surgically, 6 (20 per- 
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. cent) died of Takayasu’s disease within 10 years (10 year 
- survival rate 75 percent). The surgical results seem to 
depend to some extent on the location of the lesions in 
_ the aorta and its main branches. However, a comparison 
- of the prognoses for these two medical and surgical 
| groups of patients is feasible if most patients in the 
‘surgical group correspond closely to those in the present 
high risk group in type and severity of the disease. 

Surgical results in the seven patients (9 percent) were 
not always favorable, although the number was small 
_ for a valid conclusion. Indeed, the survey of Takayasu’s 

_ disease performed in Japan in 1975!? revealed that 2,148 
E patients were diagnosed as having the disease and that 
. among 975 treated patients, only 93 (9.5 percent) un- 
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derwent surgical treatment. 
= At the present time, there are no comparable studies 
on the long-term prognosis for medical and surgical 
_ groups of patients with Takayasu's disease. However, 
. some patients in the high risk group should be consid- 
_ered candidates for surgery, at least within 5 years after 
the diagnosis, because most of the deaths occurred 
within the first 5 years after the established diagnosis 
(Fig. 2). In patients selected for surgery, the markedly 
accelerated erythrocyte sedimentation rate should be 
decelerated by steroid therapy to a normal level before 
the operation. A careful long-term follow-up is required 
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because of the surgical risks, including an increase of the 
disease activity after operation (Case 60 described in the 
section of treatment). 

Implications: Observation of severe single or mul- 
tiple complications of any degree provides data for 
predicting death or severe events, or both, in patients 
with T'akayasu's disease. The prognosis of most patients 
is fairly good if adequate chemotherapy is given when 
the disease has no complications, or only a mild or 
moderate single complication. Early detection has in- 
creased since 1975 when the survey!? of this disease was 
performed on a large scale in Japan. In fact, in our 
present series, the incidence of patients with the low risk 
but high activity stage of the disease (erythrocyte sed- 
imentation rate 40 mm/h or greater, Westergren) during 
the 5 year period since 1975 (40 percent [12 of 30 pa- 
tients]) was significantly greater than in the preceding 
period (13.7 percent [7 of the 51 patients]) (p «0.025, 
chi-square method). It is emphasized that progression 
into the high risk category of this disease can be pre- 
vented to a great extent. 
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J mEq wax-matrix KCI table 


(potassium chloride) " 
Centrelled Release Tablets 











«25 to comply... 
fewer tablets per day 


B.I.D. instead of conventional t.i.d. dosage 
makes it easier for your patients to follow 
your instructions...increases likelihood of 
full compliance. 







y to take, easy to carry 


No taste or aftertaste. No mixing, 
no measuring, no spills, no fuss. Can be 
carried anywhere. 






y on the purse 


AON CL-10 tablets offer greater 
economy because fewer tablets deliver the 
same amount of potassium at a lower cost. 






e 
(potassium chloride 


Compliance easier with b.i.d. potassium dosage- 


«29... to deliver therapeutic | 
doses...b.i.d. 







Two tablets b.i.d. supply 40 mEq KCI. Just one 
KAON CL™10 wax-matrix tablet b.i.d. supplies 
20 mEq KCI. Dosage is easily adjusted to | 
individual needs, based on easy-to-determine : 
multiples of 10 mEq. 






y on the GI tract 


pecial wax-matrix delivery system 


ermits gradual release of KCI over several 

ours to minimize the likelihood of high 
localized concentrations in the GI tract, thus 
minimizing the chance of Gil irritation. The 
frequency of small bowel lesions with 
wax-matrix tablets is less than one per 100,000 
patient-years. 
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10 mEq Controlled Release Tablets 


i Please turn page for brief summary of prescribing information. 


KAON CL710 (poxassismchicrde)10méq Controled Release Tablets 


Description: Kaon CI"-10 mEq is a sugar coated (not enteric-coated) tablet containing 
750mg potassium chloride (equivalent to 10 mEq potassium chloride) in a wax matrix. This 
fgrmulation IS intended to provide a controlled release of potassium from the matrix to mini- 
mize the likelihood of producing high localized concentrations of potassium within the 
gastrointestinal tract. 

Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCER- 

ATION AND BLEEDING WITH SLOW RELEASE POTASSIUM CHLORIDE PREPA- 

RATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 

CANNOT TOLERATE OR REFUSE TO TAKE LIQUIDS OR EFFERVESCENT 

POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A PROB- 

LEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis, in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites, states of aldosterone excess with normal renal function, 
potassium-losing nephropathy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated essential 
hypertension is often unnecessary when such patients have a normal dietary pattern. 
Serum potassium should be checked periodically, however, and if hypokalemia occurs, 
dietary supplementation with potassium-containing foods may be adequate to control 
= cases. In more severe cases supplementation with potassium salts may be indi- 
cated. 

Contraindications: Potassium supplements are contraindicated in patients with hyperka- 
lemia since a further increase in serum potassium concentration in such patients can pro- 
duce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Chronic 
renal failure, systemic acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrena! insufficiency, or the administration of a potassium- 
sparing diuretic (e.g., spironolactone, triamterene). 
Wax-matrix potassium chloride preparations have produced esophageal ulceration in cer- 
tain cardiac patients with esophageal compression due to enlarged left atrium. Potassium 
supplementation, when indicated in such patients, should be with a liquid preparation. 
All solid dosage forms of potassium chloride supplements are contraindicated in any patient 
in whom there is cause for arrest or delay in tablet passage through the gastrointestinal tract. 
Inthese instances, potassium supplementation should be with a liquid preparation. 
Wamings: Hyperkalemia—in patients with impaired mechanisms for excreting potassium, 
the administration of potassium salts can produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potassium by the intravenous route but may also 
occur in patients given potassium orally. Potentially fatal hyperkalemia can develop rapidly 
and be asymptomatic. The use of potassium salts in patients with chronic renal disease, or 
any other condition which impairs potassium excretion, requires particularly careful moni- 
toring of the serum potassium concentration and appropriate dosage adjustment. 
Interaction with Potassium Sparing Diuretics—Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (e.g., 
spironolactone or triamterene) since the simultaneous administration of these agents can 
produce severe hyperkalemia. 
Gastrointestinal Lesions— Potassium chloride tablets have produced stenotic and/or 
ulcerative lesions of the small bowel and deaths. These lesions are caused by a high localized 
concentration of potassium ion in the region of a rapidly dissolving tablet, which injures the 
bowel wall and thereby produces obstruction, hemorrhage, or perforation. Kaon CI" -10 
mEq (potassium chloride) is a wax-matrix tablet formulated to provide a controlled rate of 
release of potassium chloride and thus to minimize the possibility of a high local concentra- 
tion of potassium ion near the bowel wall. While the reported frequency of small bowel lesions 
is much less with wax-matrix tablets (less than one per 100,000 patient years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases asso- 
ciated with wax-matrix tablets have been reported both in foreign countries and in the United 
States. In addition, perhaps because the wax-matrix preparations are not enteric-coated and 
release potassium in the stomach, there have been reports of upper gastrointestinal bleeding 
associated with these products. The total number of gastrointestinal lesions remains less 
than one per 100,000 patient years. Kaon CI-10 mEq should be discontinued immediately 
and the possibility of bowel obstruction or perforation considered if severe vomiting, ab- 
dominal pain, distention, or gastrointestinal bleeding occurs. 

Metabolic Acidosis —Hypokalemia in patients with metabolic acidosis should be treated with 

an alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, potassium 

acetate, or potassium gluconate. 

Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 

hypokalemia in a patient with a clinical history suggesting some cause of potassium deple- 

lion. In interpreting the serum potassium level, the physician should bear in mind that acute 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body potassium 


while acute acidosis per se can increase the serum potassium concentration into the normal ' 


range even in the presence of a reduced total body potassium. The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis requires 
careful attention to acid-base balance and appropriate monitoring of serum electrolytes, the 
electrocardiogram, and the clinical status of the patient. 

Adverse Reactions: The most common adverse reactions to oral potassium salts are nau- 
sea, vomiting, abdominal discomfort anc diarrhea. These symptoms are due to irritation of 
the gastrointestinal tract and are best managed by diluting the preparation further, taking the 
dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contraindications, Warnings and 
Overdosage) and gastrointestinal obstruction, bleeding or perforation (see Warnings). 

: The administration of oral potassium salts to persons with normal excretory 
mechanisms for potassium rarely causes serious hyperkalemia. However, if excretory 
mechanisms are impaired or if potassium is administered too rapidly intravenously, poten- 
tially fatal hyperkalemia can result (see Contraindications and Warnings). It is important to 
recognize that hyperkalemia is usually asymptomatic and may be manifested only by an 
increased serum potassium concentration and characteristic electrocardiographic changes 
(peaking of T-waves, loss of P-wave, depression of S-T segment, and prolongation of the QT 
interval). Late manifestations include muscle-paralysis and cardiovascular collapse from 
cardiac arrest. E 
Treatment measures for hyperkalemia include the following: 

1. Elimination of foods and medications contai@ing potassium and of potassium-sparing 
diuretics. 

2. Intravenous administration of 300to 500 ml /hr of 10% dextrose solution containing 10-20 
units of crystalline insulin per 1,000 ml. ` 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Useof exchange resins, hemodialysis, or peritoneal dialysis. 

In treating hyperkalemia, it should be recalled that in patients who have been stabilized on 

digitalis, too rapid a lowering of the serum potassium concentration can produce digitalis 

toxicity. 

Caution: Federal law prohibits dispensing without prescription. 

How Supplied: Bottles of 100 and 500; Stat-Pak* (Unit Dose) box of 100. 


ADRIA LABORATORIES INC. 
Columbus, Ohio 43215 028111 


Now in book form...the latest 
Update Your Medicine lectures. 


CORNELL 
MEDICAL 
UPDATE /2 


Edited by LILA A. WALLIS, MD, FACP 












Helps you keep up with the 
new advances in your 
specialty in the comfort of 
your home or office. 








All new material—specialties expanded. 


The workbook format of the CORNELL MEDICAL UPDATE/2 
breaks medical publishing traditions by giving practicing 
physicians a quick overview of the latest advances in their 
specialty. It transcribes the Update Your Medicine lectures 
sponsored by New York Hospital-Cornell Medical Center. 
These lectures are well-known for helping physicians prepare 
for Recertification despite the demands of a heavy practice 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical schocl. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 

Earn 25 Credits Towards AMA Physician's Recognition Award. 
CORNELL MEDICAL UPDATE/2 has been approved for Category 1 
credit towards the AMA's Physician's Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 
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í Yorke Medical Books, 666 5th Ave., N.Y., N.Y. 10103 AJC 5/81 


Please send me a copy of CORNELL MEDICAL UPDATE/2 at 
$38.00. | may use the book for 30 days and if not completely satis- 
fied, return it for full refund or credit. 


C] Payment enclosed, publisher pays shipping. 
C] Charge my credit card: (J) MasterCard OC Visa. 
Card No. Expire Date __ 


New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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When chronic renal failure and 
heart disease create a twofold 
problem, turn to 
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Management of the Cardiac 
Patient with Renal Failure 


By David T. Lowenthal, MD, FACP, FACC; Ronald S. Pennock, MD, FACC; William Likoff, 
MD, FACC; and Gaddo Onesti, MD. 


Since over 75 percent of patients with chronic renal failure Contents Include: 
inevitably experience minor or major cardiovascular 


complications, it is vital that physicians recognize the problems i s n" 
Mat in this complex clinical presentation. You may have Alterations in the Cardiovascular System; Clinical Pharmacology 


asked yourself: "Can one dialyze a patient with myocardial of Cardiovascular Drugs; Hemodialysis and Peritoneal Dialysis in 
infarction?" "Can bypass surgery be performed on a patient with Patients with Cardiac Disease; Pericardial Disease in Chronic 


advanced renal disease?" "What pharmacologic nuances arise Renal Failure; Atherosclerosis and Its Complications; The 
with these patients?" Management of Fluid Retention and Congestive Heart Failure; 





Pathology of the Cardiovascular System; Hemodynamic 


This brand new book is the first to answer your questions. The Cardiac Arrhythmias Associated with Chronic Renal Failure and 
authors present an overview of the pathology, physiology, and Dialysis; Therapy of Hypertension in the Dialysis Patient; —— 
pharmacology of the cardiovascular system in the patient with Management of Infective Endocarditis in Patients with Chronic 
chronic renal failure. They also then describe the specific clinical Renal Failure. 
problems they have encountered in the management of cardiac About 225 pp. lllustd. April 1981. About $28.00. 


disease in association with end-stage renal failure, including 
hypertension, endocarditis, and arrhythmias. Excellent tables 
help illustrate the text. 


Other Books of Interest 


Geriatric Cardiology Critical Care Cardiology 

Geriatric Cardiology is a comprehensive guide to the clinical This excellent new book focuses on the management of cardiac 
evaluation of the elderly cardiac patient. The contributors problems in the critical and intensive care units. A superb team 
examine the various heart-related diseases encountered in the of eminent clinicians share with you their proven life-saving 
elderly and explore the types of treatment available to the older techniques, including the latest treatment for cardiogenic shock, 
patient. The authors discuss the changes that aging causes in the new advances in the treatment of heart failure, recent 

heart as well as the pharmacologic and surgical treatment for developments in emergency coronary revascularization 

cardiac problems adapted to these changes. The authors also techniques and the surgical treatment of acute complications 
address the management of elderly patients whose heart of myocardial infarction. 


disease was discovered early in life and the altered methods of 
treatment that their illness requires as they grow older. 


Edited by R. Joe Noble, MD; and Donald A. Rothbaum, MD. 
About 240 pp., 110 ill. Ready July 1981. $40.00 
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Edited by Charles E. Rackley, MD. 227 pp. lllustd. January 1981. 
$40.00. 


| would like to receive the indicated books on 30-day approval. Please send the books | have indicated. If I’m not satisfied, | 


| may return the books, in good condition, within 30 days. 
: | » - 
0O en caf A Ready ALPE 1961 of the Cardiac Patient with Rena There will be a nominal charge for postage and handling. 


[] #6565-2 Noble & Rothbaum: Geriatric Cardiology. $40.00. Ready June 1981. State sales tax will be added where appropriate. 
(| #7242-X Rackley: Critical Care Cardiology. $40.00. Jan. 1981. 
[| #3204-5 Engle: Pediatric Cardiovascular Disease. $48.00. Oct. 1980. 
"| #3111-1 Ellestad: Stress Testing: Principles and Practice, 2nd Edition. $35.00. 
Aug. 1980. 
(] $ 1684-8 Castellanos: Cardiac Arrhythmias: Mechanisms and Management. 
$40.00. May 1980. 
yea ak al Anesthesia and the Patient with Heart Disease. $20.00. Please Print: 
Jan. 1 . 
#1118-8 Brandenburg: Office Cardiology. $37.50. Feb. 1980. 
-] #9329-X Willerson: Nuclear Cardiology. $35.00. May 1979. Full Name -— - 
| #7419-8 Roberts: Congenital Heart Disease in Adults. $60.00. April 1979. B 
| #9226-9 Wenger: Exercise and the Heart. $35.00. 1978. Address 
| #5440-5 Kotler & Segal: Clinical Echocardiography. $35.00. 1978. um " 
3 6630-6 Onesti & Brest: Hypertension: Mechanisms, Diagnosis, and 
Treatment. $35.00. 1978. City ... State ZIP 
3: 9706-6 Yang et al.: From Cardiac Catheterization Data to Hemodynamic 
Parameters, 2nd Edition. $30.00. 1978. 
* 4620-8 Helfant & Banka: A Clinical and Angiographic Approach to AJC 5/81 
Coronary Heart Disease. $30.00. 1978. 
#7400-7 Rios: Clinical Electrocardiographic Correlations. $35.00. 1977. 
* 7270-5 Rahimtoola: Coronary Bypass Surgery. $35.00. 1977. 
#1980-4 Corday: Controversies in Cardiology. $35.00. 1977. 
$3 8090-2 Spodick: Pericardial Diseases. $32.00. 1976. 
* 1190-0 Brest et al.: Innovations in the Diagnosis and Management of Acute 
Myocardial Infarction. $32.00. 1975. 
|] #8930-6 Vidt: Cleveland Clinic Cardiovascular Consultations. $23.00. 1975. 
L1] #3710-1 Fowler: Diagnostic Methods in Cardiology. $35.00. 1975. 
|] »*6125-8 Melmon: Cardiovascular Drug Therapy. $18.75. 1974. 
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PHILIPS 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 








Others 


promise. 


Philips delivers. 


Philips Digital Vascular Imaging System. 


While others talk about prototype systems for 
performing intravenous angiography, Philips DVI 


System is producing images. In clinical installations. 


Performance Flexibility without Limitations: 
DVI's Serial Imaging mode produces image quality 
others will take a long time to equal. And that just 
begins the DVI difference. 


DVI is also years ahead with its clinically proven 
dynamic modes: Continuous Imaging for 
cardio-pulmonary studies, and the Time Interval 
Difference mode for comparing changes in iodine 
distribution in fast-moving areas like the anatomy of 
the left ventricle. The flexibility that both modes 
offer is possible because of DVI s unique means of 
combining analog storage capability with a digital 
noise reduction system. DVI integrates digital 
capabilities: it isn't limited by them! 


Image Quality: DVI delivers — 
in three modes, p/us post-processing. 


Why? Because DVI can be easily integrated into a 
system of perfectly balanced components . . . like 
Philips' new high efficiency/high contrast image 
intensifiers . . . and Philips’ red-sensitive 
Plumbicon? the optimum TV camera for digital 
subtraction. Ours is a total systems approach that 
accepts no compromise in image quality — in 
routine or digital imaging. 

Benefits from Experience: Philips is the world 
leader in angiography systems. We know what you 
need in vascular imaging, , 
and we have the tech- 
nology to produce it. 
Right now! And that's 
no promise: that's a fact! 
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Nitrol (nitroglycerin ointment, 275) 
and sublingual tablets are ideal 
companions for treatment of an- 
gina pectoris. Tablets work 
immediately, but results are 
fleeting. Nitrol acts rapidly 

(15 minutes), and the consis- 

tent, beneficial effects are sus- 


tained for up to four hours. TN 

Because Nitrol is an ointment, you can titrate 
dosage to provide the exact amount of nitroglycerim 
needed to bring predictable long-lasting pain relief 9 


to individual patients. 


The clinical efficacy of Nitrol — the original 
nitroglycerin ointment — has been confirmed in 


(nitroglycerin ointment, 2%) 


DESCRIPTION: 2% Nitroglycerin (glyceryl trini- 
trate) in a special lanolin-petrolatum base. Each 
inch (approx. 750 mg) of NITROL Ointment con- 
tains.15 mg of nitroglycerin 
CLINICAL RHARMA OLOGY: When the ointment 
is spread on the skin, the active ingredient (nitro- 
glycerin) is continuously absorbed through 
the skin into the circulation, exerting prolonged 
vasodilator effect, regardless of the site of 
application 

Nitroglycerin relaxes smooth muscles and 
dilates the arterioles and capillaries, especially 
in the coronary circulation. This allows increased 
blood supply to the myocardium, tending to relieve 
myocardial ischemia. NITROL Ointment produces 
peripheral vasodilation with decreased arteriolar 
resistance and increased volume and favorably 
affects peripheral vascular resistance, venous 
Capacitance, preload and afterload which may 
be the basis of its action in angina pectoris. 
Nitroglycerin favorably influences myocardial 
oxygen consumption, resulting in increased 
myocardial efficiency and significant improve- 
ment in left ventricular function. NITROL Oint- 


ment also produces sustained, enhanced exer- 
cise capacity; attenuation of ischemic EKG 
changes; concomitant changes in heart rate and 
blood pressure without evidence of tolerance 
or toxicity Hemodynamic alterations are similar 
to those of sublingual nitroglycerin, but onset 
(15 minutes) is delayed and the effect (up to 4 
hours) is prolonged. Recent clinica! studies in 
hospitalized patients, however, suggest the 
duration of NITROL Ointment to be eight hours. 
INDICATIONS: Prevention and treatment of an- 
gina pectoris associated with or resulting from 
coronary insufficiency, coronary artery disease, 
coronary occlusion, or subacute myocardial 
infarction. 

CONTRAINDICATIONS: Contraindicated in pa- 
tients with marked anemia, increased intraocular 
pressure or increased intracranial pressure; or 
in patients with known idiosyncrasies to nitrites. 
WARNING: In terminating treatment, both the 
dosage and frequency of application must be 
gradually reduced over a period of 4 to 6 weeks 
to prevent sudden withdrawal reactions, which 
are characteristic of all vasodilators in the 
nitro onn class 

PRECAUTIONS: Hypotensive headache is a sign 
of overdosage. Elderly patients may have no 
untoward symptoms while recumbent but may 
develop postural sapere with faintness upon 
suddenly arising. The dosage should be reduced 
in these patients. 
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DRUG ABUSE AND DEPENDENCE: Experience 
has revealed no evidence of drug abuse and 
dependence associated with use of NITROL 
Ointment. 
MANAGEMENT OF OVERDOSAGE: Should hypo- 
tension resulting from overdosage develop, quickly 
remove the ointment. Severe hypotension usually 
responds to the administration of phenylephrine 
HCI or levarterenol bitartrate. 
DOSAGE AND ADMINISTRATION: For angina 
ectoris: Apply every 3 to 4 hours as required. 
sual dose, 1 to 2 inches squeezed from the 
tube, although some patients may require as 
much as 4 or 5 inches. Spread over approxi- 
mately 2" x 3" area in a thin, uniform layer on 
the skin. Optimum dosage is determined by start- 
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Coronary venous retroperfusion has previously been suggested as a po- — 


tential mode of treatment of myocardial ischemia. This study was designed 
to examine the actual changes in regional myocardial blood flow that 
occur with diastolic synchronized retroperfusion of the coronary sinus. 
Coronary sinus retroperfusion consisted of ( 1) diastolic augmentation of 
delivery of arterial blood into the acutely ischemic myocardium, and (2) 
systolic facilitation of coronary venous drainage. This was achieved using 
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a gas-actuated electrocardiogram-synchronized retroperfusion pump that | 


propels arterial blood during diastole through an autoinflatable bladder 
catheter. Hemodynamic data and measurements of ischemic tissue injury 
(S-T segment mapping) and regional myocardial blood flow (radioactive 
microsphere technique) were obtained before and after 1 and 2 hours of 
coronary arterial occlusion. Experiments were performed in 19 open chest 
dogs: Retroperfusion was instituted after the 1st hour of coronary occlusion 
and maintained for the subsequent hour in 8 dogs and the results were 
compared with those obtained in 6 randomly selected untreated dogs. 
In five additional dogs, the fraction of microspheres escaping myocardial 
entrapment in either an anterograde or a retrograde direction was de- 
termined. In both treated and untreated dogs, changes in hemodynamics, 
S-T segment mapping and regional myocardial blood flow showed the 
same trend up to 1 hour of coronary occlusion. Synchronized retroper- 
fusion resulted in a minor but significant decrease in heart rate and an 
increase in stroke volume. As early as 15 minutes after the start of syn- 
chronized retroperfusion, there was a significant decrease in S-T segment 
elevation (from 5.95 + 1.01 to 3.09 + 0.58 mV [mean + standard error 
of the mean], p <0.01) that was maintained for the subsequent hour; in 
the control series, S-T segment elevation was unaffected. After 1 hour 
of retroperfusion, regional transmural flow increased in the nonischemic 


zone from 0.84 + 0.07 to 1.05 + 0.10 ml/min per g (p <0.05) with an 


unchanged endocardial/epicardial flow ratio (1.10 + 0.04 and 1.11 + 0.04 
before and 1 hour after treatment, respectively). In the ischemic zone, 
1 hour of retroperfusion increased transmural flow by 59.3 percent (from 
0.32 + 0.05 to 0.51 + 0.04 ml/min per g, p <0.05) with a greater increase 
in endocardial flow (from 0.19 + 0.02 to 0.35 + 0.03 ml/min per g, p 
« 0.05) than in epicardial flow (from 0.43 + 0.05 to 0.59 + 0.06 ml/min 
per g, p <0.01) leading to a significant increase in endocardial/epicardial 
flow ratio (from 0.46 + 0.05 to 0.64 + 0.07, p <0.01). : 

These experimental data show that retroperfused arterial blood reaches 
the ischemic as well as the nonischemic zones and is favorably redistri- 
buted toward the endocardium. Thus, diastolic synchronized retroperfusion 
is capable of restoring nutritional blood flow to approximately 50 percent 
of normal control flow. This improvement in myocardial perfusion might 
be of value in delaying irreversible myocardial ischemia. 


Coronary venous retroperfusion has previously been recognized as a 
possible mode of treating myocardial ischemia. However, most of the 
initial approaches such as the Beck procedures! have been surgically 





oriented, attempting selective arterialization of the 

coronary venous system in patients with severe coronary 

artery disease not amenable to conventional coronary 
bypass procedure. 1-1? 'There has also been increasing 
interest in applying retroperfusion medically with use 
_ of coronary venous catheterization to treat acute myo- 

_ cardial ischemia.!?:!4 In open chest dogs, Meerbaum et 
_al.!3 using a diastolic synchronized retroperfusion pump 
found that diastolic selective retroperfusion with arte- 
_ rial blood of the great cardiac vein partially reversed the 
regional dysfunction due to acute coronary occlusion. 
More recently, the same group!’ developed a balloon-tip 
retroperfusion catheter in order to deliver global and 
unidirectional arterial blood flow to the ischemic myo- 
cardium in diastole and allow coronary venous drainage 
. in systole. In closed chest dogs, diastolic synchronized 
retroperfusion initiated 1 hour after coronary occlusion 
and subsequently maintained for 3 hours improved 
myocardial metabolism and left ventricular function 
and reduced the size of the ischemic zone, without ob- 
vious coronary venous damage. 

In this study we investigated the effects of diastolic 
synchronized retroperfusion on the magnitude and 
distribution of regional blood flows in the ischemic and 
 nonischemic areas of the acutely ischemic canine left 
ventricle, using the radioactive microsphere technique 
with simultaneous epicardial S- T segment mapping. 


Methods 


Experimental preparation: Nineteen mongrel dogs of 
either sex weighing 22 to 31 kg were anesthetized with intra- 
venous sodium pentobarbital (35 mg/kg body weight). After 
 endotracheal intubation, artificial respiration was controlled 

by a Harvard respirator pump and blood gases were analyzed 
-at regular intervals. Through a thoracotomy in the fifth left 
intercostal space, the heart was suspended in a pericardial 
cradle. The left anterior descending coronary artery was dis- 
_sected free immediately after the first septal perforator for 
subsequent occlusion. Silastic? catheters were placed in both 
femoral and carotid arteries and in the left atrial appendage. 
Systemic and left ventricular pressures were measured with 
. Hewlett-Packard 1280 C transducers. A cardiotachometer, 
triggered by the electrocardiogram (lead II), provided in- 
_ stantaneous and continuous records of heart rate. Data were 
. recorded on a Hewlett-Packard 8800 multichannel recorder. 
. Retroperfusion flow rates were measured with a 3 mm elec- 
tromagnetic T probe (Medflow ABC 10,000 B blood flow- 
meter). 


. Experimental Protocol 
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Diastolic synchronized retroperfusion technique: 
` Hemodynamic data, S-T segment maps and regional myo- 
. cardial blood flow measurements were obtained before and 
after 1 and 2 hours of coronary arterial occlusion in six control 
and eight randomized treated dogs. In the treated dogs, dia- 

stolic synchronized retroper(usion was instituted after the Ist 
hour of coronary occlusion and maintained during the fol- 
lowing hour, using an electrocafdiogram-synchronized cath- 
eter-pump system previously described.!9 The gas-actuated 
diastolic synchronized retroperfusion pump propels arterial 
blood during diastole through an autoinflatable bladder 
. catheter (Plastimed Soc. F, 95320 Saint Leu la Forêt, France) 
(Fig. 1). The bladder of the retroperfusion catheter is actuated 
directly from the central lumen of the catheter through several 
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holes, and is specially designed to compartmentalize the 
coronary sinus at the onset of diastole and ensure unidirec- 
tional retrograde infusion of arterial blood toward the ischemic 
zone. Deflation of the bladder at the onset of systole allows 
coronary venous drainage. Actuation of the retroperfusion 
catheter is obtained from an electropneumatic console 
triggered by the electrocardiogram. In vitro and in vivo ex- 
perimental studies! indicate that this system converts the 
arteriovenous shunt flow created by connecting the arterial 
line to the retroperfusion catheter (natural shunt) into an 
artificially pulsed shunt flow, with maximal positive flow in 
diastole and trivial negative flow in systole. The tip of the 
catheter is located in the vicinity of the Marshall vein within 
the higher part of the coronary sinus draining the ischemic and 
nonischemic areas. During diastole, retroperfusion flow 
through the catheter lumen delivers unidirectional low pres- 
sure arterial blood (45 + 5 mm Hg [mean + standard devia- 
tion]) sampled from the carotid artery (50 + 10 ml/min). 
Conversely, at the onset of systole, sudden and slight reversal 
of flow causes rapid and total collapse of the bladder, allowing 
venous drainage and washout of metabolites from ischemic 
areas. 

S-T segment mapping: Tissue injury was assessed by S-T 
segment elevation of the epicardial electrogram at the left 
anterior surface at 12 to 16 sites in each dog, some inside and 
some outside the ischemic area.!7 Areas adjacent to vessel 
bifurcations were chosen for easy relocation. The exploring 
epicardial electrode was a cotton wick electrode soaked in 
saline solution and attached to the V lead of a standard elec- 
trocardiogram. Elevation of the S- T segment was recorded at 
1 mV/mm and at 25 mm/s on the Hewlett-Packard recorder. 
Sites with S- T segment elevation greater than 2 mV before 
coronary occlusion were excluded from the study and the 
mean S- TT segment elevation was used as an index of the se- 
verity of ischemia.!’ S-T segment mapping was recorded 
during the control period and 15, 60, 75 and 120 minutes after 
coronary occlusion in untreated and retroperfusion-treated 
dogs. 

Measurement of regional myocardial blood flow: Dis- 
tribution of regional myocardial blood flow was measured by 
the radioactive microsphere technique.!? Microspheres (3M 
Co., St. Paul, Minnesota) were suspended in 0.01 percent 
Tween 80* to avoid the complicating influences of the sur- 
factant.!? Microspheres were sonicated (50 W ultrasonic NSU 
144, ultrasound generator) for 20 minutes and mixed by vig- 
orous stirring with a Teflon"-covered magnet before injection. 
Absence of microsphere aggregation was verified by micro- 
scopic examination. Approximately 2 million microspheres 
(15 + 3 u in size) labeled with strontium-85, chromium-51, 
cesium-141 suspended in 10 percent dextran were injected 
through the catheter in the left atrial appendage for each flow 
determination. The sequence of the isotopes used was chosen 
at random. Beginning simultaneously with each injection and 
continuing for 90 seconds a reference blood sample was drawn 
(20 ml/min) using a Sage Instruments model 351 withdrawal 
pump. Each of these arterial blood samples was collected in 
six separate 15 second aliquots, which were counted individ- 
ually to ensure that all radioactivity had been cleared from the 
circulation within the sampling time intervals. 


Hemodynamic and Isotope Studies 


Control and coronary occlusion phases: Tracer micro- 
sphere runoff is shown schematically in Figure 2. The first 
stroke of labeled microspheres is ejected into the aortic arch 
and, because the left ventricle acts as a mixing chamber, it may 
be assumed that both carotid arteries are perfused by the same 
fraction of total radioactivity (F1 and F2). In seven dogs, blood 
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FIGURE 1. Schematic diagram of the diastolic synchronized retroperfusion experimental system. Arterial blood is shunted from a peripheral artery 
to the diastolic synchronized retroperfusion (D.S.R.) catheter located in the coronary (C.) sinus. Diastolic synchronized retroperfusion is achieved 
by means of an air-blood unit, which is actuated by an electropneumatic console. The flow rate of retroperfusion is monitored by an electromagnetic 
(EM) flowmeter probe. The ischemic zone related to the occluded left anterior descending (LAD) coronary artery is depicted (dashed line). The 
arabic numbers indicate the sites of exploring epicardial electrodes (S-T segment mapping). ECG — electrocardiogram. 


was sampled from both carotid arteries and microsphere 
counts did not differ by more than 0.38 percent, indicating a 
uniform distribution and thus allowing further sampling from 
either carotid artery. The major fraction of microspheres 
flowing through the coronary arteries is trapped in the myo- 
cardium (F3) and reflects the regional myocardial blood flow. 
However, a few microspheres (F4) escape entrapment through 
natural arteriovenous shunts. This fraction was estimated 
from sampling in the main pulmonary artery and found to 
represent 1.96 + 0.46 percent of the carotid arterial radioac- 
tivity. After control measurements were obtained, hemody- 
namic and isotope studies were repeated 1 and 2 hours after 
coronary occlusion in both treated and untreated dogs. 
Diastolic synchronized retroperfusion phase: In treated 
dogs, after measurements are obtained in the control period 
and after 1 hour of occlusion, diastolic synchronized retro- 
perfusion was initiated and maintained throughout the 2nd 
hour of coronary occlusion. The catheter pump system was 
connected to a carotid artery and the diastolic synchronized 
retroperfusion catheter was located in the coronary sinus. To 
minimize sequestration of microspheres inside the pulsatile 
unit, the latter was positioned vertically, with the arterial line 
on the top and the retroperfusion line at the bottom (Fig. 1). 
Even so, the fraction of microspheres entering the catheter- 
pump system (from F1 or F2) was reduced by 28.05 + 10.02 
percent because of unavoidable sequestration of microspheres 
inside the whole tubing system and mainly in the pulsatile unit 
(F5) (Fig. 2). On its way toward the ischemic myocardium, the 





FIGURE 2. Diagrammatic representation of tracer microspheres dis- 
tribution. F1 to F3 — coronary arterial occlusion experiments (untreated 
series). F1 and F2 represent the fractions of total radioactivity distributed 
to both right and left carotid arteries. F3 represents the fraction of mi- 
crospheres entrapped in the myocardium and F4 indicates the small 
number of microspheres that escape myocardial entrapment due to 
anterograde shunts. F4 to F8 — diastolic synchronized retroperfusion 
experiments (treated series). The fraction of microspheres, F2, entering 
the whole retroperfusion tubing is reduced by an amount, F5, corre- 
sponding to microspheres sequestration. The fraction F7 represents 
the myocardial radioactivity due to retroperfusion. However, a small 
number of microspheres, F6, escape myocardial entrapment because 
of retrograde shunting. Pulmonary arterial radioactivity (F8) is theo- 
retically the sum (F4 + F6), that is, anterograde and retrograde mi- 
crosphere loss. 
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retroperfusion flow might be diverted or reduced, or both, by 
the combination of two major factors: (1) to and fro dis- 
placement of a “dead volume" of arterial blood in the coronary 





? 5 sinus; (2) blood shunting through venovenous and Thebesius 
S 2 channels. The proportion of microspheres escaping retrograde 
i x ei ll entrapment in the myocardium (F6) contributed to radioac- 
2 to wole £ tivity in the main pulmonary artery. Finally, only the fraction 
oH aH 3 T F7 was expected to reach the myocardium in a retrograde 
S E 2 route. Thus: F7 = F1 (or F2) X 71.95 percent (410.02) — (F5 
E P. LIB : atn | 
9 e .9| $9 9 In order to quantify F6, total radioactivity of the main 
Ó e 5° So! SE pulmonary artery (F8) was measured in five additional dogs 
e =" c 2 z during diastolic synchronized retroperfusion; the mean value 
€ = 6 was 12.44 + 0.14 percent of F1 radioactivity. During diastolic 
o A o synchronized retroperfusion, F4 (microsphere anterograde 
8 me S : 
sla «^ puel s ds loss) may be assumed to represent the same fraction of F1 
n| < n cod 9 £ radioactivity as during the control period, that is, 1.96 + 0.46 
à 7 Or £ 79 percent. Because F8 equals the sum of anterograde loss (F4) 
> re and retrograde loss (F6), calculated F6 ranged from 8.33 to 
oe £ 11.94 percent of F1 radioactivity. Thus, approximately 60 
c +N NO 7 8 percent of microspheres entering the catheter pump-system 
= Y $4|9 5 are delivered to the myocardium. 
a - v 9 Computation of regional myocardial blood flow: After 
g E the animals were killed, maps of regional flow in the left 
in J ventricle were obtained according to the method of Becker et 
ae ee Jp: 2 D al.?? The free wall was cut into 30 to 40 slices of approximately 
E oH ed v. oe 1.5 g and their location recorded. All samples were divided into 
s o 8 endocardial, middle and epicardial layers, weighed, placed in 
2 5 ? a gamma well counter (Nuclear Chicago, model 4233) and 
" og 2,8 8 counted. The raw counts were corrected for background ac- 
E e eoo! oo| 8 a tivity and energy crossover and compared with the reference 
5 Pers! 24) 5.9 blood sample to obtain flow (ml/min per g): knowing the rate 
9 E e Es z of withdrawal of the reference sample (Qr) and its level of 
© 3 5 o $ radioactivity (Cr), we used myocardial activity (Cm) to com- 
D 6| al AN pute myocardial blood flow (Qm) as: Qm = Qr X Cm/Cr. 
S| |g o6|s| asl 5 7; Cardiac output was calculated from the ratio of total radio- 
8 |z H ej = "s à activity in the reference blood sample (Cr) multiplied by the 
z z g = reference flow rate (Qr). 
5 2 LUE - After the flow for each sample was calculated, maps of blood 
Plc Nec tas A - flow were drawn and endocardial/epicardial ratios were de- 
v oe © -H e -H S = termined. For each dog, we defined an “ischemic area" con- 
= = o B sisting of samples in which transmural flow was less than 50 
z S 3 percent of that in the nonischemic posterior wall. Transmural 
e AM flow and endocardial/epicardial ratios of each region were 
a $ : ol $g E determined and compared before and after coronary occlusion 
* a o- mej 32 3 with (treated group) or without (untreated group) retroper- 
5 A s o H o uz fusion treatment, each dog serving as its own control. 
5| 9 £205 Statistical analysis: All values were expressed as mean 
5 8 a SS values + standard error of the mean. The values of each 
Pj o A E 5 E DE variable within a given group of animals were compared using 
ei &8IO pri z| ofge a paired t test and the values of a given variable at a given time 
$65 e 25 o63|.$ £2 in treated and untreated animals were compared by an un- 
$ : E È: gV T paired t test. 
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8| 31*| |93 ag) £828 dynamic changes followi lusions of 1 and 
= 94 SH| 2220 ynamic changes following coronary occlusions of 1 an 
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| E $ 8 . ": 4 % sistance in the treated group. In the control group, heart 
| a E es x0 ox ee o. 2 rate and left ventricular systolic pressure were un- 
x S O 4i to ‘ E S changed. Cardiac output decreased significantly from 


2.10 + 0.18 to 1.59 + 0.10 and 1.61 + 0.05 liters/min, 1 
and 2 hours after coronary occlusion, respectively (p 
<0.05). Calculated stroke volume decreased signifi- 
cantly from 14.0 + 1.4 to 10.5 + 0.4 ml/beat 1 hour after 
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TABLE Il 


Mean S-T Segment Elevation (mV) in Treated and Untreated Dogs 








Coronary Occlusion 





Control Period 15 Minutes 1 Hour 1 Hour, 15 Minutes 2 Hours 
Untreated Group (n — 6) 
0.70 + 0.27 5.99 + 0.72 5.12 + 0.63 5.20 + 0.74 5.87 + 0.64 | 
Treated Group (n — 8) | 
ae eee 
0.68 + 0.14 5.38 + 0.83 5.95 + 1.01 3.09 + 0.58*! 3.46 + 0.79*! 


* Treated group: 1 hour and 15 minutes and 2 hours of coronary occlusion versus 15 minutes of occlusion, p <0.01 (paired t test). t Treated 


versus untreated group, p «0.05 (unpaired t test). 
DSR = diastolic synchronized retroperfusion. 


occlusion (p <0.05) and remained significantly reduced 
(10.4 + 0.3 ml/beat, p <0.05) during the subsequent 
hour of coronary occlusion. In the treated group, the 
same trend was noted 1 hour after coronary occlusion. 
In contrast, after 1 hour of retroperfusion assistance, 
heart rate decreased slightly but significantly from 148.0 
+ 7.3 to 140.2 + 5.5 beats/min (p <0.05). Stroke volume 
was reduced from 13.7 + 1.3 to 11.8 + 0.9 ml/beat after 
1 hour of occlusion (p <0.05), and increased to 12.7 + 
0.7 ml/beat after 1 hour of retroperfusion assistance. By 
this time, stroke volume was not significantly different 
from the preocclusion value but was significantly higher 
than the postocclusion value in untreated dogs (p 
<0.05). 

S-T segment changes: The results of the 15 lead S-T 
segment mapping are shown in Table II. Fifteen min- 
utes after coronary occlusion, mean S-T segment ele- 
vation increased from 0.70 + 0.27 to 5.99 + 0.72 mV and 
from 0.68 + 0.14 to 5.38 + 0.83 mV in untreated and 
treated animals, respectively. One hour after coronary 
occlusion, mean S-T elevation was still high, up to 5.12 
+ 0.63 and 5.95 + 1.01 mV in the untreated and the 
treated group, respectively. As early as 15 minutes of 
retroperfusion assistance, mean S-T elevation decreased 
to 3.09 + 0.58 mV, but remained increased (5.20 + 0.74 
mV) in the untreated group. One hour after retroper- 
fusion, mean S-T elevation was still significantly less 
(3.46 + 0.79 mV) than at 2 hours after occlusion (5.87 
+ 0.64 mV, p <0.05). In the untreated group 2 hours 
after coronary occlusion, mean S-T elevation remained 
unchanged (5.87 + 0.64 mV) in comparison with the 
value 1 hour after coronary occlusion (5.12 + 0.63 
mV). 

Regional myocardial blood flows (Table III): 
Changes in regional myocardial blood flow levels are 
shown in Table III. In untreated animals, 1 hour after 
coronary occlusion, regional flow decreased in both 
ischemic and nonischemic areas. In the nonischemic 
area, transmural flow was reduced by 29.1 + 2.8 percent 
with no change in endocardial/epicardial flow ratio. In 
the ischemic area, transmural flow was severely reduced 
by 77.9 + 6.4 percent. Endocardial blood flow decreased 
proportionately more (from 1.15 + 0.12 to 0.18 + 0.03 
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ml/min per g, p <0.001) than epicardial blood flow (from 
1.12 + 0.09 to 0.38 + 0.10 ml/min per g, p <0.001), 
leading to a significant decrease in endocardial/epi- 
cardial flow ratio (frorh 1.04 + 0.11 to 0.42 + 0.08, p 
<0.01). No significant difference was noted between the 
effects of 1 and 2 hours of coronary occlusion on. 
transmural flow levels and endocardial/epicardial flow 
ratios in each area. - | 
In treated dogs, comparable changes in regional flow 
were observed in ischemic as well as nonischemic areas - 
up to 1 hour of coronary occlusion. However, after 1 
hour of retroperfusion assistance, transmural flow in- | 
creased in the nonischemic area by 27.2 + 6.2 percent. | 
Epicardial flow increased (from 0.76 + 0.05 to 0.98 +- 
0.09 ml/min per g, p <0.05) to the same extent as en- : 
docardial flow (from 0.85 + 0.08 to 1.08 + 0.11 ml/min 
per g, p <0.05) resulting in an unchanged endocardial/ 
epicardial flow ratio (1.10 + 0.04 and 1.11 + 0.04 at 1 - 
hour of coronary occlusion and 1 hour of retroperfusion | 
assistance, respectively). In the ischemic area, 1 hour 
of retroperfusion assistance increased transmural flow | 
by 59.3 + 7.5 percent with a greater increase in endo- 
cardial flow (from 0.19 + 0.02 to 0.35 + 0.03 ml/min per | 
g, p <0.01) than in epicardial flow (from 0.43 + 0.05 to 
0.59 + 0.06 ml/min per g, p <0.01), leading to a signifi- - 
cant increase in endocardial/epicardial flow ratio (from 


0.46 + 0.05 to 0.64 + 0.07, p <0.01). 
Discussion 


| 
Previous studies on effect of diastolic synchro- | 
nized retroperfusion on ischemic myocardium: Our 
study presents experimental data on the magnitude and - 
distribution of retrograde blood flow effected by dia- | 
stolic synchronized retroperfusion. Evidence that cor- - 
onary venous retroperfusion may provide nutritional 
flow to the ischemic myocardium has been based largely | 
on indirect methods of evaluating retrograde coronary 
venous perfusion to the heart. Injection of contrast 
material,?! silicone rubber solution,?? glass spheres or - 
labeled erythrocytes?? suggested that retroperfused 
blood truly reached the capillary network. A reduction | 
in arterial blood partial pressure of oxygen (PO;) distal 
to the site of coronary occlusion was invariably noted 
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TABLE Ill 
Regional Myocardial Blood Flow (ml/min per g) in 


Untreated and Treated Animals (mean + standard error of 
lhe mean) 













Treated 
Group 


Untreated 


Group p1 p2 





Control 
Ischemic zone 


. Endo 1.15 + 0.12 1.21 + 0.13 
- Epi 1.12 + 0.09 1.11 + 0.10 
. Endo/epi 1.04 + 0.11 1.13 0.07 
Trans 1.17 20:12 1.14 + 0.09 
-Nonischemic zone 
Endo 1.11 + 0.06 1.19 + 0.07 
. Epi 1.09 + 0.10 1.11 :: 0.07 
. Endo/epi 1.03 + 0.08 1.08 + 0.04 
. Trans 1.06 + 0.08 1.11 + 0.06 
>AO + 60 min 
Ischemic zone 
S puo 0.18 X 0.03 0.19 + 0.02 
Ep 0.38 + 0.10 0.43 + 0.05 
f Endo/epi 0.42 + 0.08 0.46 + 0.05 
= Trans 0.28 + 0.06 0.32 + 0.05 
-. Nonischemic zone 
3 Endo 0.86 + 0.06 0.85 + 0.08 
Epi 0.89 + 0.07 0.76 + 0.05 
. Endo/epi 0.97 + 0.02 1.10 + 0.04 
Trans 0.76 + 0.05 0.84 + 0.07 
cao + 120 min. 
_ Ischemic zone 
-Endo 0.19 +0.03 1 0.35 + 0.03 T 
Epi 0.41 X 0.04 t 0.59+ 0.06 T 
. Endo/epi 0.40 + 0.05 t 0.64 + 0.07 T 
E Trans 0.29+ 0.04 ! 0.51+ 0.04 x 
- Nonischemic zone DSR 
B Endo 0.85 + 0.05 t 1.08 + 0.11 
-Epi 0.87 + 0.09 t 0.98 + 0.09 . 
. Endo/epi 0.97 + 0.06 1.11 + 0.04 
Trans 0.72 + 0.05 f 1.05 + 0.10 b 


—————————————————————————————— 
_ *.1.1 = probability (p values) of «0.05, «0.01 and «0.001, re- 
‘spectively, in p1 (comparison of values in treated versus those in un- 
treated groups) and p2 (comparison of values with diastolic synchro- 
nized retroperfusion with control values). 

-CAO = coronary arterial occlusion; DSR = diastolic synchronized 
retroperfusion; Endo — endocardial; Endo/epi — endocardial/epicardial 
flow ratio; Epi — epicardial; Trans — transmural. 


on initiation of retroperfusion and interpreted as evi- 
dence of oxygen utilization by the ischemic segment 
retroperfused with arterial blood, although simple ret- 
rograde displacement of coronary venous blood into the 
left anterior descending artery cannot be completely 
ruled out.49:!5 Gardner et al.4 used iodine-131 macro- 
aggregated albumin to assess the effects on coronary 

circulation and concluded that the retrograde flow was 

itilized by the ischemic myocardium. Improved global 
and regional contraction of ischemic myocardium, de- 
creased intracoronary S-T segment elevation and po- 
tassium loss and reduced size of the ischemic zone were 
reported after 1 to 3 hours of coronary venous retro- 
perfusion. 13,15 Although transcapillary movement of the 
retroperfusate appears very likely, the magnitude and 
distribution of retroperfused*blood flow were not in- 
vestigated until the recent work of Hochberg?:!? using 
a different model (that is, surgical arterialization of the 
coronary venous system). In both short- and long-term 
experiments coronary venous bypass grafting provided 
almost three times more perfusion than the baseline 
flow to a left ventricular anterior wall rendered acutely 
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ischemic by left anterior descending coronary arterial 
ligation. 

Effects of retroperfusion on myocardial flow to 
ischemic area: The present study supports the evi- 
dence that diastolic synchronized retroperfusion 
through a bladder catheter-retroperfusion system is 
able to deliver arterial blood efficiently and selectively 
into an ischemic region. One hour of retroperfusion re- 
sulted in a substantial increase in regional myocardial 
blood flows not only in the ischemic but also in the 
nonischemic areas, where the flow values no longer 
differed from the preocclusion values, thus demon- 
strating that retroperfusion benefited the whole left 
ventricle. After proximal ligation of the left anterior 
descending coronary artery, transmural flow in the 
ischemic zone was approximately 25 percent of control 
flow and retroperfusion increased this low level of per- 
fusion to 45 percent of control flow. Our experiments 
also indicate that retroperfusion-induced increase in 
regional myocardial blood flow was homogeneous in the 
nonischemic area but mainly beneficial to the suben- 
docardium in the ischemic area. 

Increase in flow to the ischemic area cannot be ex- 
plained by increased collateral flow because (1) 
transmural flow in the ischemic area remained severely 
depressed 2 hours after coronary arterial ligation in 
control animals, and (2) it has been previously re- 
ported”? that during the postocclusion period, blood 
flow to the ischemic tissue did not change up to 2 hours 
after occlusion in either endocardial or epicardial tissue 
and was only slightly increased in epicardial tissue at 
6 hours. The increase in flow to the ischemic region 
observed after 1 hour of retroperfusion is consistent 
with the findings of Cibulski et al.,?4 who reported that 
in the presence of proximal coronary occlusion, retro- 
grade unidirectional coronary vein infusion of potas- 
sium-43 was distributed mainly to the low pressure 
vessels in the ischemic area. Furthermore, when kryp- 
ton-85 in saline solution was injected under pressure 
into the coronary vein during partial closure of the 
coronary sinus, the ratio of krypton-85 found in the 
occluded and unoccluded areas ranged from 4:1 to 
G71; 

However, our experimental data are at variance with 
those of others,9?? who noted in nonworking hearts in 
vitro that the degree of capillary trapping of micro- 
spheres was much less when the latter were injected in 
retrograde manner into the coronary vein than when 
injected in anterograde manner into the coronary artery. 
In the present study, the fraction of microspheres that 
escaped through the thebesian venous system or veno- 
venous channels was less than 12 percent. The differ- 
ence between these results and ours may be due to the 
use of a different experimental model with closed cor- 
onary sinus and retroperfusion of blood under high 
pressure (80 mm Hg). In addition, in the absence of 
coronary arterial occlusion or when the left anterior 
descending coronary arterial ligation is relatively distal 
to the first septal perforator, competitive anterograde 
flow through the perforator and collateral vessels may 
interfere with retrograde venous inflow at the capillary 
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level.!° Although in the isolated nonbeating heart 
preparation the thebesian venous system appears to 
offer less resistance to flow than that of the capillary to 
arteriole path, this might not be true in the acutely 
ischemic myocardium, as suggested by the findings of 
Cibulski et al.?4 

The favorable redistribution of retrograde blood flow 
to the ischemic myocardium correlated with the re- 
duction in S- T segment elevation and slight improve- 
ment in left ventricular stroke volume. After 1 hour of 
diastolic synchronized retroperfusion assistance, cardiac 
output was still reduced but stroke volume increased. 
This slight improvement in left ventricular fuiiction is 
not surprising considering that reperfusion of a previ- 
ously ischemic myocardial area as soon as 1 hour does 
not result in immediate hemodynamic improvement or 
reversal of local contractile abnormalities.?5-?" 

Pathophysiologic considerations: On the basis of 
our experimental data, diastolic synchronized retro- 
perfusion appears capable of increasing oxygen delivery 
to the ischemic myocardium and facilitating washout 
of local metabolic products. Adequate venous drainage 
may be of particular significance in acute ischemia since 
accumulation of lactates and low level pH in the isch- 
emic area are known to inhibit glycolysis and reduce 
myocardial viability. Coronary washout affords signif- 
icant metabolic protection to the ischemic heart.?5 

In experimental ischemia, irreversible myocardial 
injury occurs first in the subendocardium and extends 
as a wavefront gradually toward the subepicardium 
during a 6 hour period.?? Although half of the ischemic 
myocardium that is necrotic at 24 hours has already died 
by 40 minutes, cell death usually occurs more slowly in 
the mid- and subepicardium, so that on the average, 
about one third of the ischemic myocardium at risk is 
still salvageable at 3 hours. Whether restoration of 
transmural flow to the previously ischemic myocardium 
up to 50 percent of its normal value is sufficient to 
substantially prolong myocardial viability remains to 
be established.?? Relevant to this point are the findings 
that, after gradual reduction of coronary flow, regional 
lactate production occurred only when the flow was less 
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than 50 percent of the control value.?! Furthermore, 
changes in epicardial segment wall motion become de- 
tectable at 40 to 60 percent of control levels of flow??? 
and epicardial mean S- T segment abnormalities over 
the ischemic area are not observed until flow is further. 
reduced.?!-* However, these epicardial events under- 
estimate simultaneous endocardial events because 
subendocardial myocardium is the most sensitive layer 
to ischemia.?9.27,29,35 | 
Further studies are needed to determine the time- 
dependent relation between the critical level of re- 
sidual blood flow and myocardial viability. Theoreti- 
cally, perfusion of the previously ischemic myocardium 
could be further improved by increasing the retroper- 
fusion amount of flow. However, retrograde myocardial 
reperfusion might be eventually limited by a “no-re- 
flow" phenomenon.?93536 Consequently, there has been 
much interest in pharmacologic interventions designed 
to reduce microvasculature damage and myocardial cell 
swelling.?7-?? Diastolic synchronized retroperfusion 
assistance appears to be technically the most simple 
means for delivering drugs selectively to the ischemic 
myocardium and the conflicting reported results on 
pharmacologic interventions aiming at containing 
ischemic injury máy result, at least partially, from an- 
terograde flow inadequate to sustain therapeutic con- 
centrations. | 
In summary, diastolic synchronized retroperfusion 
seems to be a valuable alternate mode of myocardia 
protection that may be capable of (1) providing nutri- 
tional blood flow of the order of 50 percent of normal 
flow, which may be sufficient for delaying irreversible 
myocardial injury; (2) facilitating coronary venous 
drainage and consequently washout of local metabollil 
products, and (3) allowing selective retroinfusion of 
pharmacologic agents into the ischemic region, in order 
to obtain high tissue concentrations using smal 
amounts of drugs. 
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The effect of plasma ionized calcium concentration on left ventricular ' 


function was studied in the canine heart on right heart bypass. Stroke - 


3 


volume, mean arterial pressure and heart rate were controlled. Plasma - 
ionized calcium was lowered to 0.58 + 0.01 mM by citrate infusion and - 


4 


raised to 1.70 + 0.01 mM by calcium chloride infusion in random order 
in each dog. Left ventricular function at each of these ionized calcium 
levels was compared with that in an immediately preceding normocal- | 
cemic period. At a constant stroke work (16.9 + 0.2 g-m), sustained 
hypercalcemia was associated with a small decrease in left ventricular 
end-diastolic pressure (1.7 + 0.7 cm H20, p <0.05) despite a marked - 
increase in peak left ventricular dP/dt (first derivative of ventricular - 
pressure) averaging 34 percent (p <0.001). Coronary blood flow, ten- — 
sion-time index and myocardial oxygen consumption were not significantly 
altered. Stroke work determined at a left ventricular end-diastolic pressure 
of 14 cm H20, by interpolation in left ventricular function curves, was 11 — 
+ 4.4 percent above that at control normocalcemia (p «0.05 ). 

At a constant stroke work (16.9 + 0.2 g-m), sustained hypocalcemia - 
was associated with a marked depression of left ventricular function as 
demonstrated by a substantial increase (from 4.9 + 0.3 to 12.7 + 1.1 cm 
H20, p <0.0001) in left ventricular end-diastolic pressure (p « 0.0001), 
decreased mean systolic ejection rate (p <0.01) and decreased peak 
left ventricular dP/dt (p «0.0001). Coronary blood flow increased (p 
« 0.05) whereas myocardial oxygen consumption did not change signif- 
icantly. A marked displacement of left ventricular function curves to the 
right (compared with curves obtained during normocalcemia) was ob- 
served, and stroke work determined at a left ventricular end-diastolic 
pressure of 14 cm H20 was 52 + 5.4 percent below control level (p - 
<0.001). 

It appears that hypercalcemia, when initiated from a normal control | 
level, provides only a small enhancement of ventricular pump performance 
(as indexed by the stroke work-left ventricular end-diastolic pressure 
relation) despite a marked increase in peak left ventricular dP/dt, whereas - 
marked improvement of left ventricular performance may be expected 
when calcium infusion is initiated from an ionized calcium level that is - 
below normal. | 
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The calcium ion is essential for adequate myocardial function. As shown 
by McLean and Hastings,! it is the ionized moiety of total calcium in the 
blood that is physiologically active. Increased calcium levels have been 
shown to enhance myocardial function? and lowering of plasma ionized 
calcium is known to depress left ventricular function.7-!1? Of considerable 
clinical interest would be the precise definition of the influence of dif- 
ferent ionized calcium levels—in the range of clinical concentra- 
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tion!'—on ventricular pump performance. Because 
several factors in previous studies,?:4^9-? have led to 


. difficulties in interpretation of results, the design of this 
_ study had to meet three important criteria: (1) Because 


alterations in plasma ionized calcium influence both 
. cardiac and peripheral vascular function,!° hemody- 


-. namic control is required for a quantitative definition 
. of the influence of different plasma ionized calcium 
- levels on ventricular function. (2) Plasma ionized cal- 
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cium* must be measured and maintained in a steady 


- state during collection of hemodynamic data. (3) To 
obtain data that are potentially useful clinically, left 
. ventricular performance must be assessed when plasma 
- jonized calcium is varied in the range of clinical con- 


centration.!! 
Thus, in this study in the dog, we quantitated the 


effects of different ionized calcium levels in plasma 


(encompassing the clinical range and maintained in a 


. steady state) on indexes of left ventricular performance, 
. coronary blood flow and myocardial oxygen consump- 
. tion while heart rate, mean arterial pressure and cardiac 
. output were held constant. In addition, left ventricular 


pump function was assessed by means of left ventricular 


. function curves, while heart rate and mean arterial 
_ pressure were held constant. 


Methods 


Experimental preparation: Experiments were performed 
on 13 mongrel dogs of either sex (weight 23 + 0.6 kg, mean + 


_ standard error of the mean), anesthetized with intravenous 


infusion of a warmed solution of chloralose (150 mg/kg body 
weight) and urethane (1.5 g/kg). Mechanically controlled 


. ventilation was instituted through a cuffed endotracheal tube. 


The splenic vessels were ligated, and the chest was opened 


. through a median sternotomy. A 50 cm long, stiff-walled 


catheter was introduced into the aorta through the right in- 


. ternal mammary artery so that mean arterial pressure could 
_ be monitored on an oscilloscope. Right heart bypass was ini- 


tiated as previously described.!? Briefly, the pericardium was 


. opened and the heart exposed in a pericardial cradle. A bubble 
_ oxygenator reservoir (Bentley Temptrol®) and perfusion 
. tubing were primed with fresh heparinized whole blood ob- 
. tained from two to four donor dogs, anesthetized with 


methohexital (Brevital®, Lilly, 12.5 mg/kg). Systemic venous 


_ blood from the cannulated superior and inferior venae cavae 
. drained by gravity to the oxygenator reservoir. Warmed ox- 
. ygenated blood was returned to the cannulated pulmonary 


artery by way of a calibrated occlusive roller pump (Cardio- 
vascular Instruments), which determined left ventricular 


. output. The mean arterial pressure was held constant at a 
. nominal value of 100 mm Hg by infusing or withdrawing 


— 


_ warmed oxygenated blood through the cannulated left sub- 
- clavian artery by a separate calibrated occlusive roller pump. 


_ Coronary venous blood (except the left ventricular thebesian 
. fraction) drained from the isolated right heart into the res- 


ervoir and was measured hy timed (1 minute) volumetric 
collection. Heart rate was held constant by atrial pacing 
(Medtronic pacemaker) after crushing the sinoatrial node. 
Measurements: A Y-shaped wide bore metal cannula was 
placed in the left ventricular cavity through the apical dimple 


* By "plasma ionized calcium'' in this context we mean the ionized 
calcium concentration in the plasma of a sample of whole blood. 


for simultaneous measurement of left ventricular peak and 
end-diastolic pressures by means of two transducers, each 
attached to one limb of the cannula and calibrated to the ap- 
propriate range. Zero pressure levels were established at the 
end of each experiment by exposure of the tips of the left 
ventricular and aortic cannulas in situ. All pressures were 
measured with Statham P23Db strain gauge transducers. The 
first derivative of the left ventricular pressure (dP/dt) was 
obtained by use of an electronic differentiating circuit 
(Hewlett-Packard 8814A). This differentiator had a time 
constant of 0.003 second at a cutoff of 50 hertz. All variables, 
including a standard electrocardiogram, were recorded on an 
eight channel, direct writing polygraph (Hewlett-Packard 
88777 A) at a paper speed of 100 mm/s. 

Systemic anticoagulation was initiated by infusion of 6,000 
units of heparin and maintained by addition of 1,000 units/ 
hour to the oxygenator reservoir. Body temperature, which 
was measured by a probe placed behind the heart, was held 
between 36.5? and 38? C. Arterial pH and partial pressure of 
carbon dioxide (PCO2) were maintained within a narrow range 
(pH = 7.357.45 and PCO; = 35 to 45 mm Hg) by the addition 
of sodium bicarbonate and adjustments of the flow rates or 
proportions of oxygen and carbon dioxide that supplied the 
oxygenator (97 percent oxygen, 3 percent carbon dioxide or 
95 percent/5 percent). Arterial partial pressure of oxygen 
(PO2) was above 150 mm Hg during each experimental pro- 
tocol. Blood gas tensions and pH were determined by use of 
standard electrodes at 38°C and correction for temperature 
was made as required. Oxygen content was measured ma- 
nometrically.!? In all dogs plasma sodium ranged from 148 to 
159 mM, potassium from 2.9 to 3.4 mM, total protein from 6.0 
to 7.9 g/100 ml and osmolality from 330 to 372 mosmol/kg. 

Ionized calcium determinations: Specimens of whole 
blood were withdrawn from the coronary venous cannula for 
the determination of plasma ionized calcium, using a ther- 
mostatically controlled, automated, flow-through calcium- 
selective calcium electrode system previously described.!4!^5 
Assessing the ionized calcium status from measurements in 
coronary venous blood was justified in view of both a close 
correlation between plasma ionized calcium in 27 sample pairs 
of systemic arterial and coronary venous blood over the range 
encountered in this study (r = 0.996, y = 1.0015x — 0.00438) 
and the absence of a systemic arteriovenous difference in 
plasma ionized calcium.!4 Of particular value in the experi- 
ments was that the results of ionized calcium determinations 
were known within 3 minutes after withdrawal of the coronary 
venous blood specimen, allowing adjustment of the infusion 
rate of trisodium-citrate-citric acid buffer or calcium chloride 
solutions (see later) to maintain the plasma ionized calcium 
concentration selected. | 

To achieve hypocalcemia, a 0.127 M citrate solution was 
prepared by adding trisodium citrate and citric acid (Mal- 
linckrodt) to distilled water in proportions so that the sodium 
concentration ranged from 149 to 153 mM. To achieve hy- 
percalcemia, a 3.6 M solution of calcium chloride (Mallinck- 
rodt) was prepared. In both the citrate and calcium chloride 
solutions, potassium chloride was added to achieve a potas- 
sium concentration that ranged from 3.4 to 3.7 mM and Tris 
buffer [Tris(hydroxymethyl)aminomethane] was added to 
adjust the pH to 7.40 + 0.01. In each dog, hypocalcemia 
(plasma ionized calcium concentration = 0.58 + 0.01 mM) was 
established by rapid infusion of the citrate buffer (0.5 ml/kg) 
into the pump oxygenator and maintained by further citrate 
infusion using an adjustable constant speed infusion pump 
(Harvard apparatus) at a rate sufficient to maintain plasma 
ionized calcium concentration at the selected value. Hyper- 


calcemia (plasma ionized calcium concentration = 1.70 + 0.01 
mM) was established in each dog by rapid infusion of the 
calcium chloride solution (approximately 400 mg calcium 
chloride) into the oxygenator reservoir and maintained by 
further infusion of calcium chloride solution by use of the 
infusion pump. In all experiments, plasma ionized calcium 
concentration was in a steady state at each selected ionized 
calcium value, as demonstrated by frequent measurements. 
Experimental protocol: In each dog we aimed to study 
both hypercalcemic and hypocalcemic plateaus instituted in 
random order, and to compare each of these plateaus with an 
immediately preceding normocalcemic control period. The 
dogs were placed on right heart bypass and control levels of 
mean arterial pressure, cardiac output and heart rate were 
established (mean arterial pressure = 100 + 0.5 mm Hg, car- 
diac output = 2,020 + 34 ml/min, heart rate = 155 + 1.7 
beats/min). Thus, stroke volume (13 + 0.3 ml) and stroke work 
(16.9 + 0.2 g-m) were constant. After 20 minutes, to allow 
hemodynamic stability, hemodynamic data were recorded, 
coronary blood flow was measured and systemic arterial and 
coronary venous blood specimens were withdrawn for bio- 
chemical determinations. Measurement of plasma ionized 
calcium concentration documented the presence of normo- 
calcemia (plasma ionized calcium concentration = 1.08 + 0.02 
mM). Duplicate data for left ventricular function curves were 
then generated by stepwise increases in pulmonary arterial 
input (such that left ventricular end-diastolic pressure values 
below and above 14 cm H50 would be reached) while mean 
arterial pressure and heart rate were held at their respective 
control levels, the second set of data being used in the analysis. 
After the function curve data were obtained, cardiac output 
was returned to the control level. Either hypocalcemia or 
hypercalcemia (selected at random) was then instituted; the 
selected level was maintained for 45 minutes when data at the 
control cardiac output level and then at the left ventricular 
function curve were obtained. The plasma ionized calcium was 
then returned to normocalcemic levels (1.1 + 0.03 mM), and 
this concentration was maintained for a duration equal to the 
intervention period and studied as previously described. Last, 
hypercalcemia or hypocalcemia (as required) was instituted 
and again maintained for 45 minutes and studied. 
Circumferential gauge experiments: In 8 of 13 dogs, a 
mercury-in-latex variable length gauge was positioned around 
the left ventricular equator passing through the right ven- 
tricular cavity close to the interventricular septum, the ends 
being firmly sutured to the left ventricular wall.!6 The gauge 
was calibrated at the termination of each experiment. Left 
ventricular end-diastolic pressure and end-diastolic gauge 
length were obtained at each pulmonary arterial input when 
left ventricular function curve data were generated. 
Control group: Four additional dogs were studied on right 
heart bypass in the absence of changes in plasma ionized 
calcium concentration for periods identical to those in the 
experimental group. In two of these studies, circumferential 
variable length gauges were positioned as described. A buf- 
fered sodium citrate-citric acid solution in which the ionized 
calcium concentration had been adjusted to approximately 
1.10 mM and a hypertonic sodium chloride solution (equi- 
molar to the calcium chloride solution used to raise plasma 
ionized calcium above normal in the experimental group) were 
infused in random order at rates identical to those selected 
in the experimental group. Infusion of each of these solutions 
was preceded by an observation period without intervention 
of equal duration (45 minutes). Hemodynamic data at a con- 
stant stroke work, left ventricular function curves and bio- 
chemical variables were obtained at the end of each of these 
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45 minute observation periods. The plasma ionized calcium 
concentration was documented to be within normal limi S 
throughout each of these periods. 1 
Data analysis: The systolic ejection period and the mean. 
aortic systolic pressure were obtained from the phasic aortic 
pressure tracing. Tension-time index,!? mean systolic ejection: 
rate, myocardial oxygen consumption and stroke work!? were 
calculated in a standard fashion. To construct left ventriculai 
function curves, stroke work was calculated at each pulmona 


obtained by eonapiitak fitting a third order polynomial 
construct a least square best fit curvilinear regression as de- 
scribed in the Appendix. This quantitative approach to the 
interpretation of ventricular function curves has previously: 
been used. 19 For quantitative deta of left ventric - 


ventricular end-diastolic pressure (14 cm H20). | 

The gauge data were normalized to allow for differences ] 
in unstretched lengths of the gauges used in different ani- 
mals. This normalizing procedure was achieved by deter- 
mining the ratio between the left ventricular end-diastolic 
segment length measured at the time of any intervention and | 
that obtained at an end-diastolic pressure of 10 cm H30 in the | 
control curve obtained in the first normocalcemic period. This. 
ratio was termed “end-diastolic segment length index." With 
use of this index as a measure of myocardial fiber length, left | 
ventricular function curves were constructed by plotting 
stroke work against the corresponding left ventricular end- - 
diastolic segment length index. Curves were also fitted to these 
data by computer (see Appendix). For quantitative definition 
and statistical evaluation of the stroke work-segment length 
relations, we first determined the end-diastolic segment length | 
index at a high end-diastolic pressure (14 cm H20), by inter- - 
polation in the pressure length plots inscribed in the normo- 
calcemic control periods. The value so obtained was termed 
reference end-diastolic segment length index. Stroke work was 
then determined at the reference end-diastolic segment length 
index in the curve in the subsequent hypercalcemic or hypo- 
calcemic period. Curves were also fitted by computer (as de- - 
scribed in the Appendix) to the points obtained by plotting 
left ventricular end-diastolic pressure against left ventricular. 
end-diastolic segment length index. The segment length was - 
obtained from these curves at a constant left ventricular 
end-diastolic pressure (14 cm H320). 

Data obtained during any intervention were compared with 
those obtained in the immediately preceding normocalcemic 
control period by means of Student's t test for paired obser- 
vations. Values are expressed as mean + standard error of the 
mean. ! | 

j 
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Results 


Hemodynamic function during hypercalcemi 
and hypocalcemia at constant stroke work (mean 
arterial pressure, heart rate and cardiac output 
held constant): Data obtained during either hyper- 
calcemia or hypocalcemia were compared with those- 
obtained in an immediatély preceding normocalcemic | 
control state. Figure 1 shows that whereas with hyper- j 
calcemia (plasma ionized calcium concentration = 1.70 - 
+ 0.01 mM) the changes in left ventricular end-diastolic | 
pressure were small (from 6.0 + 0.8 to 4.4 + 0.5 cm H20, 


p <0.05); with hypocalcemia (plasma ionized calcium - 
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. FIGURE 1. Effects of steady state hypocalcemia and hypercalcemia 
- in open chest dogs (n = 13) on right heart bypass (mean aortic pressure, 
. heart rate and cardiac output controlled and held constant). LV = left 
. ventricular. 


| 
concentration = 0.58 + 0.01 mM) left ventricular end- 
| diastolic pressure increased more than twofold (from 
-4.9 + 0.3 to 12.7 + 1.1 cm H20, p «0.0001). With hy- 
. percalcemia, there was a substantial rise in left ven- 
tricular peak dP/dt (from 2,680 + 260 to 3,290 + 230 
. mm Hg/s, p «0.0001, Fig. 1, right panel). The changes 
in mean ejection rate, tension-time index and mean 
_ systolic pressure were insignificant. With hypocalcemia 
. (Fig. 1, left panel), mean ejection rate decreased (from 
! 109 + 3 to 104 +2 ml/systolic second, p <0.01) and peak 
- left ventricular dP/dt decreased (from 2,580 + 150 to 
p 1,920 + 130 mm Hg/s, p <0.0001). The decrease in mean 
_ systolic ejection rate and the increase in tension-time 
- index (from 2,060 + 40 to 2,160 + 40 mm Hg/s per min, 
. p «O0.02) are attributable to an increase in duration of 
 systole (from 0.119 + 0.003 to 0.125 + 0.003 second, p 
«0.01), because stroke vol&me and heart rate were 
constant and there was no significant change in mean 
systolic pressure. 
Coronary blood flow and myocardial oxygen 
consumption: While stroke work was held constant, 
changes with hypercalcemia in both coronary flow (from 
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FIGURE 2. Relation between changes in coronary flow (in percent of 
control) and those in myocardial oxygen consumption (MVO;). The solid 
line represents the regression equation y = — 6.59 + 0.72x (r = 0.84, 
p <0.01) and is drawn through the data points obtained during hyper- 
calcemia (solid dots). There was no significant correlation between the 
changes in myocardial oxygen consumption and those in coronary flow 
during hypocalcemia (triangles). All data points were obtained at the 
same times as those shown in Figure 1. 


122 + 13 to 117 + 9 ml/min per 100 g, p = 0.4) and 
myocardial oxygen consumption (from 12.4 + 0.5 to 12.7 
+ 0.9 ml/min per 100 g, p = 0.6) were insignificant (Fig. 
1). Although these mean values did not change signifi- 
cantly, individual dogs showed increases or decreases 
in these variables, and changes in coronary blood flow 
(in percent of control) correlated with those in myo- 
cardial oxygen consumption (Fig. 2). In contrast, during 
hypocalcemia there was a substantial increase in coro- 
nary blood flow (from 115 + 12 to 152 + 18 ml/min per 
100 g, p «0.02) that was disproportional to, and not 
correlated with, the changes in myocardial oxygen 
consumption (from 11.1 + 0.4 to 12.4 + 0.7, p = 0.06). 
'The increase in coronary blood flow during hypocal- 
cemia was associated with decreased arteriovenous 
oxygen content difference across the coronary vascular 
bed (from 10.1 + 0.9 to 9.4 + 1.1 ml/100 ml, p <0.05). 
Left ventricular function curves: Representative 
left ventricular function curves (stroke work against left 
ventricular end-diastolic pressure) obtained in four 
animals of the experimental group are shown in Figure 
3. In this group, left ventricular function curves derived 
during hypercalcemia and those in the immediately 
preceding normocalcemic control period were super- 
imposable in four experiments. In one experiment there 
was a small rightward displacement, and in the re- 
maining experiments there was a small leftward dis- 
placement. In contrast, during hypocalcemia, left ven- 
tricular function curves were always markedly displaced 
to the right and downward compared with those in an 
immediately preceding normocalcemic control period 
(Table I). The hypercalcemia-induced increase in stroke 
work determined at a left ventricular end-diastolic 








DOG No 5 
48 © Control -1 
A Hypercalcemia 
D Control-2 
"E v Hypocalcemia 
36 
30 
24 
I8 
12 
6 
O 


DOG No.8 

o Control-1 

v Hypocalcemia 
o Control-2 

^ Hypercalcemia 


LEFT VENTRICULAR STROKE WORK (gram - meters) 
dh no Q O4 
@ e o o 


no 


o 


2-1 Eua o 


o 


Pra 


T NONZE CALCION AND. VENTRICUCAR. PORE PERFORMANCE DROP ETA Y 








= 
` 


DOG No.9 

o Control- 1 

^ Hypercalcemia 
O Control-2 

v Hypocalcemia 








DOG No.6 
Control-1 
Hypocalcema 
Control -2 
Hypercalcemia 







Dodo 


; 
x 
a 
3 
r 








a 8 12 IG 20 24 


FIGURE 3. Left ventricular function curves (left ventricular stroke work versus left ventricular end-diastolic pressure) obtained in four open 
dogs on right heart bypass. In each dog, data points for left ventricular function curves were obtained by stepwise increases in pulmonary arterial 
input, while mean aortic pressure and heart rate were held constant. Data were obtained after each plasma ionized calcium plateau had been sustai 
| for 45 minutes at a given level. The order in which these plateaus were instituted is indicated from above down in the key of each panel. The curv 
were constructed by computer fitting as explained in the text and Appendix. Curves during hypercalcemia were not consistently displaced to the 
left as compared to control curves, but curves during hypocalcemia were always substantially displaced to the right and down from their control 


curves. 


pressure of 14 cm H20 was 11 + 4.4 percent above that 
in the preceding control period (p <0.05) and 8 + 5.4 
percent (not significant) for the subset of eight animals 
with left ventricular circumferential gauges. In contrast, 
during hypocalcemia, stroke work determined at a left 
ventricular end-diastolic pressure of 14 cm H20 was 52 
+ 5.4 percent below that in the preceding normocal- 
cemic control period (p <0.001), and 46 + 5.6 percent 
below the control value (p «0.001) in the subset of ani- 
mals with left ventricular circumferential gauges. 
Circumferential gauge experiments: Corre- 
sponding pressure-length curves (left ventricular end- 
diastolic segment length index against left ventricular 
end-diastolic pressure) obtained in the same animals 
as in Figure 3 are illustrated in Figure 4. There was a 
small and inconsistent displacement of the end-diastolic 
pressure-length curves to the left during hypercalcemia. 
(Tables II and IIT). With mean arterial pressure, heart 
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TABLE | 


Influence of Sustained Changes in lonized Calcium (Ca++) 
on Stroke Work (control stroke work = 37.9 + 2.2 g*m) 


Stroke Work Derived | 





Stroke Work Derived at LVEDSLI Corresponding 
[Ca++] at LVEDP = 14 cm to LVEDP = 14 cm H20 
(mM) H20 in the Control Curve 
Changes in Percent of Control 
1.70 + 0.01 11 + 4.496 17 + 4.996 
p «0.05 «0.025 | 
n 13 . 8 | 
0.58 + 0.01 —52 t 5.496 —69 t 5.396 i 
p «0.0001 «0.0001 
n 12 7 





All values are expressed as mean + standard error of the mean. 
[Ca++] = ionized calcium; LVEDP = left ventricular end-diastoli: 
pressure; LVEDSLI = left ventricular end-diastolic segment length i 
(see text); n = number of studies; p = probability. 
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FIGURE 4. Left ventricular end-diastolic pressure-length relations obtained in four dogs with left ventricular circumferential variable length gauge 
(the same dogs as in Figure 3). Experimental details are given in the legend to Figure 3 and curves were constructed from the same data points 


used in that figure. LVEDP — 


rate and cardiac output held constant, there was no 
significant difference between left ventricular end- 
diastolic segment length during hypercalcemia and that 
uring the preceding normocalcemic control period. In 
ontrast, with hypocalcemia, for a given left ventricular 
end-diastolic pressure, left ventricular end-diastolic 


A 


segment length index was consistently greater than that 


PANE ms m ae 
3, 


in the preceding normocalcemic period. In hypocal- . 


TABLE Il 
Ini luence of Sustained Changes in lonized Calcium on End- 


Diastolic Segment Length (obtained at LVEDP — 14 cm 
H20) Changes in Percent of Control 


Hypercalcemia Hypocalcemia 
Change in =O PE 0,396 2.6 + 0.4% 
. end-diastolic x 
segment length 
-index 
-~ (96 of control) 
p NS «0.001 
| n 8 7 
En eee L 


All values are expressed as mean + standard error of the mean. 
NS = not significant; other abbreviations as in Table |. 


left ventricular end-diastolic pressure; LVEDSL = left ventricular end-diastolic segment length. 


cemia, with mean arterial pressure, heart rate and car- 
diac output held constant, the end-diastolic segment 
length increased. Left ventricular function curves (using 
left ventricular end-diastolic segment length index as 
an index of fiber length) obtained in the same animals 
in Figure 3 are shown in Figure 5. During hypercalcemia, 
left ventricular function curves shifted further to the 
left compared with their stroke work-end-diastolic 


TABLE Ill 


Influence of Sustained Changes in lonized Calcium on End- 
Diastolic Segment Length (with mean arterial pressure, 
heart rate and cardiac output held constant) * 


Hypercalcemia Hypocalcemia 
Change in —1.2 + 0.4 8.12344 

end-diastolic 
segment 
length index 
(% of control) 

p NS <0.001 

n 8 7 





* Stroke work = 16.9 + 0.2 g-m. Abbreviations as in Table I. 
All values are expressed as mean + standard error of the mean. 
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FIGURE 5. Left ventricular function curves (left ventricular stroke work versus left ventricular end-diastolic segment length index) obtained in the 


3 and 4. Methods used to normalize left ventricular end-diastolic segment length (LVEDSL) values are described in the text. During hypercalcem 


same dogs as in Figures 3 and 4. Experimental details are given in the legend to Figure 3. The data points are identical to those shown in Figure 
ia 
curves were further displaced to the left compared with their stroke work-left ventricular end-diastolic pressure (LVEDP) counterparts, and — 


during hypocalcemia were further displaced to the right. 


pressure counterparts; during hypocalcemia, curves 
were further displaced to the right and downward 
compared with their stroke work-end-diastolic pressure 
counterparts (Table I). During hypercalcemia, the mean 
stroke work corresponding to the reference left ven- 
tricular end-diastolic segment length index was 17 + 4.9 
percent above that in the corresponding control period 
(p <0.025); during hypocalcemia, stroke work corre- 
sponding to the reference left ventricular end-diastolic 
segment length index was 69 + 5.3 percent below that 
observed in the immediately preceding control period 
(p <0.0001). 

Control experiments: Throughout these experi- 
ments plasma ionized calcium remained normal. Sta- 
tistical analysis could not be usefully applied to this 
small group. However, initial mean values of all mea- 
sured and calculated variables were similar to those in 
the experimental group while plasma ionized calcium 
remained normal. Infusion of normocalcemic citrate or 


| 


sodium chloride solutions caused no important changes 
in the left ventricular function curves (Fig. 6). Thus, 
effects seen in the experimental group are not due to the 
citrate ion itself or to hypertonicity of the calcia 


chloride solution. l 


Discussion | 


Effects of hypercalcemia and hypocalcemia on 
left ventricular pump performance: Our data pro- 
vide an accurate quantitative definition of the influence 
of different plasma ionized calcium levels (encom- 
passing the clinical concentration range) on left ven- 
tricular performance. We fóund that ionized hypercal- 


 cemia at the upper limit of the clinical range is associ- 


ated with only slight enhancement of ventricular pump 
performance compared with pump performance in 
normocalcemia, as indicated by the small decrease in 
left ventricular end-diastolic pressure and by the in- 
significant change in mean ejection rate (both measured 
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IGURE 6. Left ventricular function curves (left ventricular stroke work 
versus left ventricular end-diastolic pressure) obtained in a represen- 
tative control experiment. In each dog, plasma ionized calcium was in 
3 normal range (1.08 + 0.03 mM) throughout the experiment. 














t constant stroke work). Furthermore, with hypercal- 
emia there was, on average, only a slight shift of the left 
ventricular function curves (obtained at constant mean 
arterial pressure) upward and to the left compared with 
'ontrol curves obtained in normocalcemia. Although 
hese changes indicate only a small improvement in 
)ump function with hypercalcemia, peak left ventric- 
dP/dt (first derivative of left ventricular pressure) 
obtained at constant stroke volume, heart rate and 
mean aortic pressure), an isovolumic phase index of 
contractility, was increased by one third. In contrast, 
with hypocalcemia, there was profound depression of 
eft ventricular function, as indicated by the marked 
changes in indexes of left ventricular performance 
measured at constant stroke work: Left ventricular 
jd- diastolic pressure increased more than twofold and 
dP/dt decreased by nearly one fourth. In addition, 
ith hypocalcemia, left ventricular function curves 
)btained at a constant mean aortic pressure and heart 
ate consistently showed a marked shift downward and 
;0 the right compared with control curves obtained in 
10rmocalcemia. 
The left ventricular segment length measurements 
E that for a given change in ionized calcium 
'oncentration (50 to 60 percent above or below normal) 
he magnitude of the enhancement of left ventricular 
unction with hypercalcemia was much smaller than 
hat of the depression with hypocalcemia. Hypercal- 
'emia was associated with ‘a small change in the end- 
liastolic pressure-length relation so that the segment 
ength was slightly reduced for a given end-diastolic 
yressure. Although the alteration in pressure-length 
elation during hypercalcemia did not reach signifi- 
'ance, it caused left ventricular function curves (stroke 


vork plotted against end-diastolic segment length) to - 


be displaced further to the left compared with the cor- 
responding plots of stroke work against end-diastolic 
pressure. Hence, the hypercalcemia-induced increase 
in stroke work at a given end-diastolic segment length 
was greater (17 percent above control level) than that 
obtained at a given end-diastolic pressure (11 percent 
above control level). In contrast, with hypocalcemia the 
end-diastolic segment length was significantly increased 
for a given end-diastolic pressure (14 cm H3O), and 
stroke work at a given end-diastolic segment length 
decreased 69 percent below that in the immediately 
preceding normocalcemic control period. It should be 
noted that changes in end-diastolic segment length may 
possibly reflect changes in ventricular wall thickness as 
well as in end-diastolic ventricular volume. 

Comparison with previous studies: Our findings 
of a substantial difference in magnitude of hypercal- 
cemia-induced changes in peak left ventricular dP/dt 
(an index of myocardial contractility during the isovo- 
lumic phase of systole) and indexes of pump function 
(left ventricular end-diastolic pressure and mean sys- 
tolic ejection rate at constant stroke work, and left 
ventricular function curves) do not appear to be spe- 
cifically related to calcium in view of similar findings 
obtained with norepinephrine.?? Covell et al.2° found 
that during infusion of norepinephrine (averaging 0.16 
ug/kg per min) in the dog, left ventricular function 
curves remained essentially unchanged from control 
levels despite a markedly increased peak left ventricular 
dP/dt. 

Under conditions of uncontrolled hemodynamics, 
hypercalcemia and hypocalcemia influence both ven- 
tricular performance and major determinants of left 
ventricular function such as mean aortic pressure®!9 or 
heart rate.??! In view of these effects, we studied dif- 
ferent plasma ionized calcium levels under carefully 
controlled hemodynamic conditions. In some previous 
studies on the influence of calcium on ventricular 
function, calcium was infused as a bolus dose. This 
manner of calcium infusion is now known to result in 
relatively rapid fluctuations of plasma ionized calcium 
concentration.?? Hence, we documented each selected 
ionized calcium level to be in a steady state for 45 min- 
utes before and during the collection of all data. The 
calcium-selective electrode system was essential for 
measuring and maintaining the selected plasma ionized 
calcium concentration levels. We do not have data on 
the calcium ion concentration within the interior of the 
myocardial cell. However, previous data?? obtained 
during similar steady state conditions in the anesthe- 
tized intact dog have demonstrated that the corrected 
values of the Q-T interval of the electrocardiogram may 
change for up to 20 minutes, but that after this time no 
further changes occur, suggesting that a steady intra- 
cellular calcium ion level has been reached. 

At a constant stroke volume, heart rate and mean 
aortic pressure (that is, at constant stroke work), hy- 
percalcemia was consistently associated with increased 
peak left ventricular dP/dt; this increase averaged about 
one third of the control value. In contrast, during hy- 
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pocalcemia, peak left ventricular dP/dt decreased by 
an average of one fourth. These findings are in agree- 
ment with those of Bristow et al.,? who studied the in- 
fluence of rapid stepwise changes in ionized calcium 
concentrations on peak left ventricular dP/dt. Our data 
on the effects of ionized hypercalcemia on peak left 
ventricular dP/dt and end-diastolic pressure (at con- 
stant stroke volume) are also directionally in agreement 
with those of several previous studies.*© However, in 
the three latter studies, the total number of observations 
was small, the rate of calcium chloride infusion was high 
(up to 120 mg/min) and this amount was infused into 
the coronary circulation of the dog heart, which repre- 
sents a relatively small blood volume. In the present 
study, the amount of calcium chloride infused into the 
pump oxygenator reservoir (which, together with the 
intracorporeal blood volume, represents approximately 
4.5 liters) ranged from 45 to 65 mg/min to maintain the 
plasma ionized calcium concentration at approximately 
1.70 mM, as documented by repeated measurements. 
In view of these considerations it is likely that in the 
previous studies ionized calcium concentration was 
above the level attained in our study. 

Calcium and coronary flow: Previous data reveal 
a controversy concerning the effects of systemic infusion 
of calcium on the coronary vasculature. Rapid systemic 
infusion of calcium gluconate in the unanesthetized dog 
initially was associated with increased coronary flow 
followed by a decrease.?! Heart rate decreased on oc- 
casion to approximately half the control value. Although 
plasma ionized calcium concentration was not measured 
in that study, such pronounced bradycardia is com- 
patible with a level higher than achieved in our study. 
In the supported dog heart, coronary flow increased 
after systemic infusion of calcium gluconate.” In con- 
trast, coronary flow decreased with infusion of calcium 
chloride in the intact dog.” Coronary vasoconstriction 
would be consistent with the effects of calcium on the 
vascular smooth muscle of other vascular beds.?9 
Changes in coronary flow with an inotropic intervention 
are the result of combined effects of a direct influence 
that the intervention itself may have on coronary vas- 
cular tone and indirect effects, including those mediated 
through cardiac metabolism. An intervention that has 
no direct effect on the coronary vasculature and in- 
creases peak left ventricular dP/dt would be expected 
to be associated with increased myocardial oxygen 
consumption and coronary flow (assuming maximal 
extraction of oxvgen across the coronary vascular 
bed). 

Although mean values of myocardial oxygen con- 
sumption and coronary flow in our experimental group 
as a whole during hypercalcemia were not significantly 
different from their respective control values, increases 
or decreases in these variables did occur in individual 
animals. A decrease in myocardial oxygen consumption 
with hypercalcemia in some animals despite increased 
peak left ventricular dP/dt might be explained by a 
possible decrease in wall tension," which may have 
occurred as a result of a slight decrease in left ventric- 
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ular size, as suggested by the decrease in left ventricular | 
end-diastolic pressure (Fig. 1) and end-diastolic seg- | 
ment length (Table III). Conversely, with hypocalcemia, | 


left ventricular size most likely increased in view of the 
increased left ventricular end-diastolic pressure (Fig. 
1) and segment length (Table III). Such changes during 


hypocalcemia may have caused increased systolic wall - 
tension and hence increased myocardial oxygen con- 
sumption in some animals, despite decreased peak 


dP/dt. A plot of normalized changes in coronary flow 


against those in myocardial oxygen consumption (Fig. | 


2) revealed a good correlation in hypercalcemia. Such 


correlation is consistent with adjustment of coronary - 


flow to the myocardial metabolic needs. In contrast, 


during hypocalcemia, on the average, there was a sub- | 
stantial increase in coronary flow, which was dispro- - 


portional to the changes in myocardial oxygen con- 
sumption and was associated with decreased arterio- 
venous oxygen content difference, suggesting coronary 
vasodilation independent of the myocardial metabolic 
needs. Such hypocalcemia-induced coronary vasodila- 








tion is consistent with the known vasodilating action of | 


hypocalcemia on the peripheral vascular bed.!9?5 These 
changes were not observed in the control experiments, 
suggesting that hypocalcemia, not citrate, was respon- 
sible. 
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Clinical implications: Two principal conclusions © 


emerge from this study. First, although the concept of 
calcium-induced enhancement of left ventricular per- 
formance has been substantiated, the magnitude of such 


enhancement is small within the range of ionized hy- - 


iz tw 


percalcemia observed clinically, when calcium infusion |. 
is initiated from a normal plasma ionized calcium con- — 


centration. Second, the experiments show a profound 


hypocalcemia-induced depression of left ventricular | 
function, and provide an accurate definition of the - 
disturbance in left ventricular performance in the sur- — 
gically instrumented canine heart at a plasma ionized © 


calcium level that may be seen in patients. Such a degree 
of hypocalcemia may occur in the clinical setting during 


citrated blood transfusion (when a lowering of plasma ~ 


ionized calcium concentration is most often transient!?), 


and in sepsis,2? low cardiac output states?? or after | 


cessation of cardiopulmonary bypass.?! Thus, our data- 


show that enhancement of left ventricular pump per- 
formance is small when calcium infusion is initiated 
from a normal baseline ionized calcium level. In con- 
trast, enhancement of left ventricular performance after 


see 


calcium infusion is likely to be very substantial when the — 


initial ionized calcium level is below normal. 
Such effects are consistent with the clinical practice 


of calcium infusion in patients after cessation of car- | 


diopulmonary bypass when, hypocalcemia may be 
present and its rapid correction is desirable. Under these 
clinical conditions, a substantial enhancement of ven- 
tricular pump performance may be anticipated after 
calcium infusion. Furthermore, in the clinical situation, 
the extracardiac effects of calcium such as increased 
arterial blood pressure may lead to increased coronary 
perfusion pressure at the cost of increased left ventric- 

















l ular afterload and myocardial oxygen demand. How- 
. ever, caution is appropriate when extrapolating data 
obtained in these hemodynamically controlled dog ex- 
_ periments with instrumented normal hearts to patients 
_ who may have myocardial ischemia. 


Appendix 


— The mathematical function describing the relation between 
_ Stroke work (SW) and the selected, controlled levels of flow 
_ is estimated by a least squares program that computes the 
- weights of up to four superimposed orthogonal (Chebyshev) 
- polynomials. This procedure yields the function SW (Flow) 
| = Z3,:9S;* Tií(x(Flow)), where the weights, S;, are the outputs 
_ of the least squares program and T;(x) is the it? Chebyshev 
polynomial in the independent variable, x, which is flow- 
. normalized to the range (—1, 1). This procedure is repeated 
- for the observed values of left ventricular end-diastolic pres- 
. sure (LVEDP) as a function of the selected levels of flow, 
_ yielding the estimated mathematical relation: 


LVEDP(Flow) = Ù L,*T;(x(Flow)), 
i-0 


where T;(x) is as above for stroke work and L; are the weights 
. estimated by the least squares program for left ventricular 
end-diastolic pressure. Finally the parametric plot of stroke 
_ work (flow) as ordinate versus left ventricular end-diastolic 
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pressure (flow) as abscissa is constructed by varying flow in 
small steps over the experimental range while computing 
stroke work and left ventricular end-diastolic pressure, re- 
spectively, from these two estimated functions of flow (defined 
by the two sets of weights S; and Li, respectively) at each step. 
Each small step produces a new (stroke work and left ven- 
tricular end-diastolic pressure) point to which the plotter pen 
is moved describing a smooth curve constructed of many small 
straight line segments. Sich a relation, in which the true in- 
dependent variable (flow in this case) does not appear ex- 
plicitly but instead drives two dependent variables, one y axis 
(stroke work) and one x axis (left ventricular end-diastolic 
pressure), is termed parametric. This approach is required for 
two reasons. First, the true independent variable, that least 
subject to random variation and most amenable to control, 
is flow. Thus, flow is the statistically correct choice of inde- 
pendent variable in regression analysis. Second, it has been 
found in previous investigations that the parametric curve 
best describes the configuration of the ventricular function 
curve in terms of orthogonal basic functions. 
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| 
Effect of Quinidine on Positive Inotropic Action of Digoxin 
| 

| 

JOHN F. WILLIAMS, Jr., MD, FACC To determine whether digoxin-quinidine interaction alters the inotropic 
BABU MATHEW, MS effect of the glycoside, the response of peak isometric force and maximal 
rate of force development (dF/dt) in isolated feline right ventricular pa- 
pillary muscles to digoxin and quihidine alone, and in various combinations, 
was examined. The administration of 1.3 or 2.6 X 10^ 5 M of quinidine after 
2 X 1077 M of digoxin resulted in an increase in contractile performance 
in each animal. Although 1.3 X 10^? M of quinidine alone produced a 
positive inotropic effect, 2.6 X 1075 M of quinidine produced no such 
effect. Because myocardial digoxin content has been reported to decline 
after admihistration of quinidine these results suggest that the increase 
in contractile performance when quinidine was administered after digoxin 
is due to displacement of digoxin from less to moré active myocardial sites. 
The administration of 2 or 4 X 1077 M of digoxin after 2.6 X 1075 M of 
| quinidine resulted in a minimal increase in force and rate of force devel- 
: opment. A similar inhibition of the inotropic effect of digoxin was found 
l in rabbit papillary muscles pretreated with quinidine. Inhibition was not 
i limited to digoxin because pretreatment of muscles with quinidine also 


l 
Galveston, Texas 





| inhibited the inotropic effect of acetylstrophanthidin. Thus, quinidine has 
1 diametrically opposite effects on digitalis-induced inotropy dependent 
s on the sequence with which the drugs are administered. 

; 

f 


It is now well recognized that the administration of quinidine to persons 
receiving digoxin results in an elevation of serum digoxin levels,'? which 
occasionally precipitates cardiac arrhythmias.? Although digoxin toxicity 
would appear to be responsible for such arrhythmias, Doherty et al.4 
reported that myocardial digoxin concentration decreases after the 
administration of quinidine. Their observation suggests that digoxin 
toxicity is not the cause of such arrhythmias or that digoxin indirectly 
induces arrhythmias (for example, by neurally mediated mechanisms 
because digoxin concentration in the brain increases after administration 
of quinidine). However, an additional possibility is that myocardial 
| digoxin is redistributed, and that total myocardial digoxin decreases but 
Bs the amount remaining is displaced from less to more active sites. If the 
| latter change occurs, then an increase in the inotropic effect of digoxin 
should also develop. Conversely, if all digoxin is bound to active sites, 
a decrease in inotropic effect would be expected after administration 
of quinidine. Accordingly, we determined the effect of quinidine on the 


| contractile performance of digoxin-stimulated papillary muscles. 

T | Methods 

| 

| Experimental preparation: Adult cats weighing between 1.5 and 2.5 kg were 
From the Department of Medicine? The University anesthetized with sodium pentobarbital, 35 mg/kg body weight. The right ven- 
of Texas Medical Branch, Galveston, J'exas. This tricular papillary muscles were removed and placed in a myograph containing 
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a solution of the following concentration (mM): sodium — 143, potassium — 4.5, 
magnesium — 0.5, calcium — 1.25, C17 — 124, HPO,- - 1.2, HCO,- - 24, dex- 
trose 5.6. The solution was maintained at 30 °C and was bubbled vigorously with 


2. 1980, accepted December 5, 1980. a mixture of 95 percent oxygen and 5 percent carbon dioxide which produced 
Address for reprints: John F. Williams, Jr., MD, a pH of 7.4 and a PO» exceeding 500 mm Hg. The tendinous end was held by a 
Department of Medicine, The University of Texas clip that was secured to the bottom of the bath. The nontendinous end was at- 


Medical Branch, Galveston, Texas 77550. tached by a short silk suture to a force transducer. The transducer was fixed to 
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a micrometer that permitted muscle length to be altered by 
known amounts. The muscle was stimulated at a frequency 
of 12/min using field electrodes parallel to the long axis of the 
muscle with the voltage 10 percent above threshold. Muscle 
length was stretched to 0.5 g of resting tension and the muscle 
allowed to equilibrate for 60 minutes. Thereafter, muscle 
length was increased and fixed at the length at which active 
isometric force development was maximum (Lmax). Cross- 
sectional area of the papillary muscles was determined from 
the wet weight and length at Lmax with use of a calibrated 
reticle. 

Digoxin-quinidine: 'Twelve muscles were exposed initially 
to 2 X 1077 M digoxin, a concentration that we had previously 
determined resulted in approximately 50 percent of the 
maximal inotropic effect attainable with digoxin. When the 
increase in force reached a stable value both developed force 
and the maximal rate of force development (dF/dt) were 
measured, the latter electronically. Six muscles were then 
exposed to quinidine at a concentration of 1.3 X 107^ M and 
the remainder to 2.6 X 10^? M of quinidine and the effect on 
force and maximal dF/dt observed. These concentrations of 
quinidine correspond to therapeutic levels in man of 4 and 8 
ug/ml. Eight muscles were exposed initially to 2.6 X 1078 M 
of quinidine and, after the effect of quinidine alone was de- 
termined, 2 X 107? M of digoxin was added to the bath. After 
the full effect of this drug combination occurred, the con- 
centration of digoxin was increased to 4 X 1077 M. An addi- 


tional six muscles were first exposed to 1.3 X 107? M quinidine ` 


followed by 4 X 1077 M of digoxin. 

Acetylstrophanthidin-quinidine: To determine if the 
effects we observed were specific to digoxin, we performed 
similar studies using 10 muscles, equal numbers of which were 
exposed initially to 1.5 or 3 X 1077? M acetylstrophanthidin 
followed by 2.6 X 107^ M of quinidine. Fifteen muscles were 
exposed initially to 2.6 X 107? M quinidine followed by 1.5 (n 
= 7) or 3 X 107? M (n = 8) acetylstrophanthidin. 

Rabbits versus cats: To determine whether differences 
in species affected our results, similar measurements were 
made in right ventricular papillary muscles from four rabbits 
exposed to 1 X 10795 M of digoxin and in four additional 
muscles exposed initially to 2.6 X 107? M of quinidine followed 
by 1 X 1075 M of digoxin. 

Statistics: Statistical significance of differences among or 
between groups was determined by analysis of variance; paired 
t tests were used when appropriate comparisons were made 
within a group.? 


Results 


Effect of quinidine and digoxin alone and in 
combination on developed force and maximal dF/dt 
(Table I): Quinidine (1.3 X 107? M) alone produced an 
increase in both peak developed force and maximal 
dF/dt in each animal (p «0.001 for both). In contrast, 
force and rate of force development after 2.6 X 1075 M 


of quinidine decreased in two, increased in two and were 


unchanged in the remaining four animals. Mean values 
before and after this concentration of quinidine were 
insignificantly different. Digoxin (2 X 107? M) alone 
produced an increase in force and rate of force devel- 
opment significantly greater than the respective in- 
creases produced by 1.3 X 107? M of quinidine. 

The addition of 1.3 X 107? M quinidine after digoxin 
produced a statistically significant increase in both force 
development (p <0.01) and maximal dF/dt (p <0.025), 
increases occurring in each animal. The addition of 2.6 
X 107? M of quinidine after digoxin also resulted in an 
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TABLE | 


Peak Developed Force and Maximal Rate of Force 
Development Before and After Various Combinations of 
Digoxin and Quinidine (mean + standard error of the mean) 


Developed Maximal 
Force dF /dt 
n (g/mm?) (g/mm? s7 !) 
Control 6 3.0 + 0.8 13.7 + 3.7 
Digoxin 
(2 X 1077 M) 4.9 t 1.0 24.8 + 5.2 
Quinidine 
(1.3 X 1075 M) 5.7 x 1.0 286-65 . 
Control 6 3.2 + 0.5 16.7 + 3.2 2d 
Digoxin > 
(2 X 1077 M) 4.7 t 0.6 25.6 + 4.0 
Quinidine 1 
(2.6 X 1075 M) §.1.% 0.7 27.3 + 3:8 T 
5 
Control 6 2.7 X: 0.5 1452-69 "i 
Quinidine P 
(1.3 X 1075 M) 3.4 t 0.5 18.1 X 3.3 
Digoxin ' 
(4 X 1077 M) 4.0 + 0.8 22.441 5.9 39 
ae 
Control 8 2.7 + 0.4 13.3 1.9 
Quinidine 
(2.6 X 1075 M) 2.5 t 0.4 12.8 t 2.9 
Digoxin 
(2 X 107" M) 2.8 + 0.4 14.2 + 2.4 
(4 X 1077 M) 29£ 0.5 15.0 + 3.1 


increase in force and maximal dF/dt in each animal (p 
«0.05 for both) although the mean increment was ap- | 
proximately one half that occurring after 1.3 X 107^ M 


of quinidine. 


The addition of 2 X 107? M of digoxin after 2.6 X 
10-° M of quinidine resulted in a slight but statistically | 
insignificant increase in both force development and 1 


rate of force development. Increasing the concentration . 


of digoxin to 4 X 1077? M did not increase contractile | 


performance significantly. 


-2 


A comparison of the total percent increases in de- - 
veloped force and maximal dF/dt produced by altering | 
the sequence of administration of the drugs is presented - 


in Figure 1 where the inhibiting effect of pretreatment 


with quinidine on the inotropic action of digoxin is | 


clearly evident. 
Effect of quinidine on the inotropic action of 


acetylstrophanthidin (Fig. 2): After 2.6 X 107^ M of | | 
quinidine which did not significantly change force and © 
maximal dF/dt, the increase in these variables in re- - 
sponse to 1.5 and 3 X 107? M of acetylstrophanthidin | 
was significantly less (p «0.05 for all) than occurred with - 


either concentration of acetylstrophanthidin alone. 


Rabbit versus cat papillary muscles: In rabbit - 


papillary muscles similar results were observed, that is, - 


the addition of 1 X 1075 M of digoxin after 2.6 X 107? 


" 
l 


M of quinidine resulted in increases in force (112 + 6.8 | 
percent of control) and maximal dF/dt (115 + 6.0 per- 1 


cent of control) which were significantly less (p «0.05 . 
for both) than occurred with digoxin alone (133 + 9.5 
and 144 + 10.1 percent of control, respectively). 
Effect of digoxin and quinidine solvents: Digoxin 
was dissolved in 50 percent alcohol and the quinidine 
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FIGURE 1. Total percent increase in peak developed force (left) and 
maximal rate of force development (dF/dt) (right) produced by quinidine 


-and digoxin in varying sequence: 9, = digoxin given before quinidine; 


Bu" = quinidine given before digoxin. 


lin alcohol and propylene glycol. The effect of each sol- 
vent alone on papillary muscle function was examined 
in three muscles and no effect on force development or 
maximal dF/dt was observed. Furthermore, the pro- 
pylene glycol-alcohol solvent did not inhibit the ino- 
tropic effect of 2 X 1077 M of digoxin; the increases in 
force and maximal dF/dt in muscles exposed to the 
solvent followed by 2 X 1077 M of digoxin were ‘quan: 
titatively similar to those produced by 2 X 1077 M of 
digoxin alone. 






i Discussion 
i Inotropic effect on myocardium of adding quin- 
idine after digoxin: The original purpose of this study 
was to determine if the previously described digozin- 
induced arrhythmias after administration of quinidine,” 
which are associated with increased serum but reduced 
myocardial digoxin concentrations, might be due to 
displacement of a portion of the glycoside from less to 
more active myocardial sites. The observation that both 
peak developed force and maximal dF/dt increased in 
each animal after 1.3 and 2.6 X 10-5 M of quinidine was 
added to digoxin supports this hypothesis. Such a 
conclusion would be questionable from the data with 
1.3 X 107? M of quinidine since this concentration of 
quinidine alone produced a positive inotropic effect. 
However, 2.6 X 107? M of quinidine alone did not alter 
force or maximal dF/dt significantly and the increase 
in these variables when this concentration of quinidine 
was added after digoxin cannot be attributed to any 
direct effect of quinidine. Certainly, if quinidine reduces 
myocardial digoxin stores in feline papillary muscles as 
it does in canine myocardium,* contractile performance 
should have declined after quinidine if all digoxin were 
bound to equally active sites. 
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FIGURE 2. Effect of acetylstrophanthidin (AS) alone and after quinidine 


on peak developed force (left) and maximal rate of force development 
(right). 


Inotropic effect of quinidine alone: The observa- 
tion that 1.3 X 107? M of quinidine produced a positive 
inotropic effect was somewhat unexpected since quin- 
idine has generally been reported to have either a neg- 
ative9-? or no inotropic effect.!°!! However, others!” 
have observed a biphasic inotropic action of quinidine, 
a positive effect occurring at low concentrations and a 
negative effect at high concentrations. Furthermore, the 
inotropic effects of quinidine also are frequency-de- 
pendent with positive effects becoming less apparent 
as the frequency of contraction increases.!? Thus, it 
appears that differences in drug concentrations and 
frequency of contraction among studies are the princi- 
pal causes for the varying conclusions regarding the 
inotropic actions of quinidine. 

Inhibition of inotropic effect of digoxin by 
quinidine: A principal observation of this study was 
that pretreatment of the muscles with concentrations 
of quinidine that are in the therapeutic range in human 
beings markedly inhibited the inotropic effect of di- 
goxin. Our study also demonstrated that this inhibition 
of inotropic effect by quinidine was neither species- 
specific nor limited to digoxin because similar results 
were obtained with rabbits as well as with the use of the 
aglycone acetylstrophanthidin. 

Mechanisms of the inhibitory effect of quinidine 
on digoxin inotropy: Evidence has been presented that 
the membrane sodium, potassium, adenosine triphos- 
phatase (ATPase) enzyme system is the glycoside re- 
ceptor! and that inhibition of the enzyme is responsible 
for the positive inotropic effect of the glycoside.!^4 
Quinidine also has been shown to inhibit enzyme ac- 
tivity!^!6 and in preliminary observation, Straub et al.!* 
reported that the administration of quinidine reduced 
the number of sodium, potassium, A'TPase sites for 














ouabain binding. Thus, competition of quinidine and 
digoxin for receptor binding would appear to be a logical 
explanation for both the inhibitory effect of quinidine 
on digoxin inotropy and the positive inotropic effect of 
1.3 X 107? M of quinidine. 

Failure to observe a positive inotropic effect resulting 
from enzyme inhibition by larger concentrations of 
quinidine might be due to other effects of the drug 
producing negative inotropy. However, such a mecha- 
nism would not account for the increased contractile 
performance produced by the larger concentration of 
quinidine after pretreatment with digoxin. Either di- 
goxin pretreatment must inhibit the negative inotropic 
effect of 2.6 X 107? M of quinidine allowing the positive 
effect of enzyme inhibition to appear or quinidine must 
displace digoxin from less to more active sites. Evidence 
for more than one glycoside-enzyme complex has been 
presented,!? but whether such complexes differ in the 
degree of enzyme inhibition in response to a given 
concentration of inhibitor is unclear. An argument 
against sodium, potassium, ATPase inhibition as the 
cause of the positive inotropic effect of quinidine in our 
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study is the report that the concentration of quinidine 
required to inhibit enzyme activity significantly «in 
isolated enzyme preparations is higher than that 
used. !°.16 E 

Clinical implications: These observations in iso- 
lated papillary muscle may have little relevance to the 
overall cardiovascular effect of these drugs clinically 
because both drugs exert neural and vascular effects ir 
addition to their direct myocardial actions. Neverthe- 
less, our observations may not be totally irrelevant 
clinically. It is well recognized that the administration 
of quinidine to patients with atrial fibrillation whose 
ventricular rate is well controlled with a glycoside re- 
sults in an increase in the ventricular rate. This has been 
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attributed to the vagolytic effect of quinidine, but 
continued elimination of digoxin and quinidine inhi- 
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bition of the effect of additionally administered dose 


of the glycoside may also play a role in this regard. 1 
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| Detection of Cardiomyopathic Changes Induced by Doxorubicin 
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Ultrasonic measurements are valuable in characterizing cardiac di- 
mensions and structure. Recently, analysis of ultrasonic properties of 
tissue has proved useful in detecting morphologic changes such as those 
accompanying myocardial infarction. This study was undertaken to de- 


li rods Missouri termine whether acoustic properties of tissue can be utilized to detect 
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cardiomyopathic changes as well. Cardiomyopathy was induced by 
prolonged administration of doxorubicin (Adriamycin) (1.2 mg/kg twice 
weekly) in 25 rabbits and results were compared with those in normal 
control rabbits, housed identically. The 15 surviving treated animals were 
killed at selected intervals 10 to 18 weeks after initiation of drug admin- 
istration and the hearts were analyzed for collagen content based on 
hydroxyproline. Regional ultrasonic backscatter was assessed with a 
frequency-averaging procedure to minimize effects of phase cancellation 
and with an independent method employing spectral display over the 
frequency range of 1 to 11 megahertz from which an index of backscatter 
at a single frequency (2.25 megahertz) could be calculated. In hearts from 
treated animals, collagen content was significantly increased (p « 0.05). 
Integrated ultrasonic backscatter was markedly increased (by more than 
500 percent, that is, equivalent to 7 decibels) in fibrotic regions and sig- 
nificantly, although less markedly, in myopathic regions without marked 
collagen deposition. Thus, increased backscatter correlated with collagen 
deposition. Backscatter at 2.25 megahertz was significantly increased 
(by more than 500 percent, that is, equivalent to 7 decibels) in fibrotic 
regions. 

These results indicate that alterations in acoustic properties occur in 
cardiomyopathic tissue and that such alterations can be detected with 
the use of reflected ultrasound. Accordingly, assessment of integrated 
backscatter offers a promising approach for early clinical detection and 
characterization of evolution of cardiomyopathy induced by doxorubicin 
or of other causes. 


Characterization of the physical properties of the myocardium with 
quantitative ultrasonic variables is a rapidly evolving area of echocar- 
diographic investigation. This approach offers a potentially valuable 
clinical method for noninvasive differentiation of specific types of cardiac 
disease and for assessment of their severity. Approaches to quantitative 
characterization of the myocardium with ultrasound have included 
measurements based on attenuation and on backscatter.! Attenuation 
measures the loss of energy from an ultrasonic wave traveling through 
tissue. Backscatter represents energy redirected toward the transmitting 
transducer as the result of interactions with the tissue. Previous stud- 
ies?-* have been addressed primarily toward the applicability of such 
approaches to the detection of either acute or remote myocardial in- 
farction. 

This study was undertaken to determine whether physical alterations 
in cardiac tissue associated with the administration of doxorubicin in 
experimental animals are detectable by quantitative analysis of ultra- 
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sonic backscatter. Although we have previously utilized 
ultrasonic attenuation for tissue characterization, in this 
study we utilized a more recently implemented ap- 
proach, measurement of the integrated backscatter, in 
part because of its potential applicability to studies in 
patients.? With this approach, measurement of back- 
scatter is performed with reflected rather than with 
transmitted ultrasound. Previous results with analysis 
of quantitative backscatter in vitro support the hy- 
pothesis that such measurements are capable of char- 
acterizing cardiomyopathic tissue. 

In this investigation, we studied doxorubicin-induced 
cardiomyopathy because of the clinical importance of 
early detection and quantitative assessment of the 
deleterious cardiac effects of doxorubicin. The animal 
preparation used (rabbits given the drug over prolonged 
intervals) has been well characterized in many labora- 
tories.9 Estimates of the severity of myocardial injury 
independent of ultrasonic variables were obtained by 
analysis of hydroxyproline concentration, an index of 
collagen deposition, in the same regions of the heart as 
those studied ultrasonically.59 


Methods 


Ultrasonic methods and data analysis: The ultrasonic 
backscatter was measured with the use of a broadband, fo- 
cused piezoelectric transducer (1.3 cm diameter, 5 cm focal 
length, 5 megahertz nominal center frequency) mounted in 
a saline bath. The left ventricular segment of the rabbit heart 
was interrogated ultrasonically at a distance corresponding 
precisely to the focal length of the transducer (5 cm). The 
transducer was excited with an impulse and the backscatter 
signal passed through a gating system prior to Fourier anal- 
ysis. The resulting power spectrum was recorded. The 2 us 
gate was initiated after a fixed delay triggered from the 
specular reflection at the epicardial surface of the heart. The 
triggering arrangement incorporated the fixed delay, which 
was selected for each animal so that echoes emanating from 
a relatively fixed (central) region of intramural myocardium 
could be analyzed in a fashion independent of biologic vari- 
ability in myocardial wall thickness. The details of method- 
ology utilized for triggering as well as synchronizing to cardiac 
cycle (diastole) have previously been defined.? The pulse train 
analyzed consisted of the signal backscattered from a cylin- 
drical volume of tissue defined by the beam width and the gate 
length. The backscattered energy was normalized to the en- 
ergy obtained when the tissue was replaced by a nearly perfect 
reflector (a stainless steel plate), to provide standardized 
calibration. 

Ultrasonic data analysis: One ultrasonic index calculated 
from the data was proportional to the frequency average of 
the backscatter transfer function over the bandwidth of the 
transducer. This quantitative index was termed the integrated 
backscatter and expressed in units of decibels (dB) below the 
backscatter obtained from a nearly perfect reflector as a 
measure of standardization. The frequency-averaging 
properties of the integrated backscatter index serve to mini- 
mize the effects of phase cancellation, a major instrumental 
artifact associated with the use of a piezoelectric receiving 
transducer.!? In addition, from the spectral display of back- 
scatter (over the range of 1 to 11 megahertz), another 
index—the backscatter at a single frequency—was calculated. 
Thus, backscatter at 2.25 megahertz (the single frequency 
backscatter index) as well as integrated backscatter was cal- 
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culated for each region. Backscatter results are expressed in 

decibels using the relation that decibels are equal to 10 timés | 
the logarithm of the ratio of the energy backscattered from 
tissue to the energy reflected from a newly perfect reflector x 
(stainless steel plate). 3 

Results were analyzed with conventional statistical pro- | 
cedures with confidence limits determined with the use of 
simple (that is, nonpaired) t tests. Results are expressed as - 
mean values + standard error of the mean except to express. 
the dosage of doxorubicin administered (mean + standard - 
deviation). ! 

Experimental procedure: Doxorubicin, 1.2 mg/kg body — 
weight, was administered intravenously twice a week to 25 © 
pathogen-free male New Zealand white rabbits (initial weight — 
1.9 to 2.3 kg). Throughout the interval of doxorubicin ad- - 
ministration, each animal was housed in a separate cage within | 
an enclosed experimental unit (96 m?) to preclude exposure - 
to other animals. At the time of injection, each rabbit was | 
weighed, examined for signs of deterioration such as alopecia, | 
accumulation of edema or lethargy. Ten rabbits given no drug - 
served as a control group. They were selected randomly from i 
the initial group of 35, housed in an environment similar to 
that used for the treated animals and killed at selected in- - 
tervals. All animals were fed 5100 laboratory chow (Ralston 
Purina Co., St. Louis, Missouri). 

Of the 25 rabbits given doxorubicin, 10 died spontaneously. 
Because of the necessity for ultrasonic study of the heart im- 
mediately after the animal was killed, animals unexpectedly 
found dead were not studied. Fifteen rabbits were killed at — 
intervals from 10 to 18 weeks after the onset of administration 
of drug, predicated in most cases on the extent of apparent 
cardiac decompensation. After each animal had been killed 
by quick cervical dislocation, the heart was excised immedi- 
ately, rinsed with a solution of 0.9 percent sodium chloride 
(room temperature) and incised along the interventricular 
septal border. The left ventricular segment was placed on a 
Plexiglas® frame constructed so that the ultrasonic beam in- 
tersected the mounted tissue. After completion of the back- 
scatter measurements (requiring approximately 10 minutes), 
the tissue was removed from the saline bath, blotted dry and 
weighed. 

For estimation of changes reflected by deposition of col- 
lagen, each region submitted to measurement of backscatter 
was analyzed for hydroxyproline content as described previ- 
ously.5 In brief, a colorimetric method was utilized in which 
hydroxyproline was oxidized to pyrrole, and hydroxyproline 
content was calculated based on absorbance of the chromo- 
phore at 560 mm compared with results obtained with a 
standard curve. Total collagen content was calculated from - 
the measured hydroxyproline concentration and expressed ` 
as the percent of collagen per unit wet weight of the original 
tissue. 


Results 


Distribution of collagen in regions of left ven- 
tricular myocardium: Collagen content values from 
normal hearts are shown in Figure 1. The range of data 
in the upper panel corresponds to the range of collagen 
content in normal rabbit left ventricle and is relatively 
narrow (mean percent of wet weight = 0.63 + 0.04 (n = 


14)). The lower panel depicts results from animals given 


doxorubicin. It is apparent that deposition of collagen 
(indicative of fibrosis) is manifest in regions of hearts 
from animals treated with doxorubicin and that collagen 
values fall within a wide rather than a narrow range and 
that they conform to a bimodal distribution. In one 
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. FIGURE 1. Histogram of the distribution of collagen content (based on 
. hydroxyproline concentration) in regions from left ventricular myo- 
. cardium in normal rabbit hearts (upper panel) and in regions of left 
. ventricular myocardium in rabbits given doxorubicin (lower panel). 





group of regions (Group I), deposition was moderate 
(mean = 0.77 + 0.07 percent of wet weight) (n = 12) and 
in the other (Group II), it was marked (mean = 1.18 + 
. 0.14 percent of wet weight) (n = 17). For convenience, 
we refer to Group I regions as primarily *myopathic" 
and Group II as “fibrotic” (with high collagen content). 
Figure 2 illustrates the differences between mean con- 
centration of collagen in normal, myopathic and fibrotic 
regions. Although values in myopathic regions over- 
lapped those in the upper range of regions from normal 
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FIGURE 2. Categorization of left ventricular regions from normal rabbits 
and rabbits receiving doxorubicin according to the content of collagen 
(expressed as percent of wet weight) (mean + standard error of the 
mean). 
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control hearts, the mean collagen concentration in such 
regions was significantly increased (0.77 + 0.07 com- 
pared with 0.63 + 0.04 percent of wet weight [p <0.05)). 
Values in fibrotic regions were more strikingly elevated 
(1.18 + 0.14 compared with 0.63 + 0.04 percent wet 
weight [p «0.01]). 

Measurements of the ultrasonic backscatter: The 
integrated backscatter is a quantitative variable that 
has been developed to facilitate ultrasonic character- 
ization of tissue properties.? Integrated backscatter is 
related to the frequency average of the backscatter 
transfer function over the bandwidth of the transducer. 
Thus, spatially localized measurements of intrinsic 
scattering properties of myocardium can be obtained 
when a sufficiently broad bandwidth is employed. 
Figure 3 contrasts the integrated backscatter mea- 
surements from regions defined as normal, myopathic 
or fibrotic, based on collagen content. It is apparent that 
regions with markedly elevated content of collagen ex- 
hibited significantly increased integrated backscatter. 
In these regions, mean integrated backscatter exceeded 
control values by more than 500 percent (p «0.001) 
(—45.9 + 0.7 dB compared with —52.1 + 0.8 dB for re- 
gions from control rabbits). In myopathic regions from 
the hearts of treated animals, the increase in mean in- 
tegrated backscatter was less, although significant, than 
that in regions from control hearts (p <0.05) (—48.1 + 
0.9 dB compared with —52.1 + 0.8 dB control hearts). 

Effect of doxorubicin on myocardial 2.25 mega- 
hertz backscatter: An alternative approach to mea- 
surement of the integrated backscatter involves deter- 
mining backscatter at a specific frequency (2.25 mega- 
hertz), selected because of its correspondence to a 
transducer frequency often employed clinically. Figure 
4 presents data from sites corresponding to the control, 
myopathic and fibrotic regions previously described. 
The mean 2.25 megahertz backscatter for each dem- 
onstrates a significant increase in backscatter in fibrotic 
regions (500 percent of control, p «0.05, —50.2 4- 0.9 dB 
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FIGURE 3. Comparison of relative changes in ultrasonic backscatter 
(expressed in decibels [dB]) in regions of rabbit left ventricular myo- 
cardium categorized based on the content of collagen (mean percent 
of wet weight). 


compared with —57.3 + 1.4 dB for normal control - 


hearts). The myopathic regions demonstrated a modest 
increase in backscatter that was not significantly dif- 
ferent from values in control regions (—53.8 + 0.9 dB 
compared with —57.3 + 1.4 dB for normal control 
hearts). 


Discussion 


Ultrasonic quantitative backscatter as an index 
of myocardial pathology: Our results demonstrate 
that quantitative ultrasonic assessment of altered 
myocardial structure identifies cardiomyopathic tissue. 
Measurement of the quantitative integrated backscatter 
in regions of left ventricular myocardium differentiated 
normal from myopathic and fibrotic tissue typical of 
cardiomyopathy induced by doxorubicin. The mean 
integrated backscatter was significantly increased in 
myopathic regions and markedly increased in fibrotic 
regions (Fig. 3). 

Previous studies from our laboratory??? have delin- 
eated alterations in both indexes of ultrasonic attenu- 
ation and backscatter in canine and rabbit hearts 
subjected to acute myocardial ischemia and in severely 
scarred myocardium associated with myocardial in- 
farction.2?5 Results of the present study suggest that 
ultrasonic interrogation of tissue can facilitate detection 
of other types of cardiac pathology as well. 

Doxorubicin is an effective antineoplastic agent 
eliciting characteristic dose-related changes in myo- 
cardium.” The cardiac responses in rabbits appear to 
correspond closely to those in human beings. Cell 
vacuolization, edema and myocytolysis are evident 
morphologically, and late cardiomyopathy with focal 
areas of fibrosis has been observed.!!:!? The severity of 
these lesions and their relation to cumulative dosage of 
the drug have been variable. 

In the present study, only those animals receiving 
prolonged and high dosage of doxorubicin manifested 
marked fibrosis reflected by deposition of collagen. 
Among the nine rabbits with myopathic left ventricular 
regions, the cumulative dosage of doxorubicin was 320 


+ 55 mg/m? (n = 29 regions). There was no significant © 


difference between the cumulative dosage administered 
to rabbits with myopathic and fibrotic lesions. 
Methodologic consideration in the measurement 
of ultrasonic integrated backscatter: Figure 3 il- 
]ustrates the differentiation of normal from myopathic 
(p «0.05) and fibrotic left ventricular tissue (p «0.01) 
with the use of integrated backscatter. A broadband 
focused piezoelectric transducer (1.3 cm diameter, 5 cm 
focal length, 5 megahertz nominal center frequency) was 
utilized for measurement of the integrated backscatter. 
The method permits an analysis of the signal over a 
broad frequency range (1 to 11 megahertz), with an 
averaging out of potential error due to signal artifact.? 
When a single frequency is employed (in this case 2.25 
megahertz), less striking separation of myopathic from 
normal myocardium is observed (Fig. 4). In addition, 
standard errors for all regions are greater than those 
obtained by analysis of integrated backscatter (Fig. 3). 
Thus, analysis of single frequency backscatter dimin- 
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FIGURE 4. Backscatter at 2.25 megahertz (expressed in decibels [dB] 
[mean + standard error]) in left ventricular regions from normal rabbits - 
and from rabbits given doxorubicin. j 
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ishes sensitivity for detection of pathologic changes in 
cardiac muscle—a limitation probably due, in part, to 
phase cancellation effects.1? 

A narrow electronic gate (2 ms) was employed to en- 
sure analysis of signal from a relatively constant in- 
tramyocardial (nonsurface) zone. The relative thinness 
of rabbit myocardium presents a methologic problem 


that should be less prominent in studies of human tissue 


in vitro or in vivo. 

Clinical implications: Recent studies from our 
laboratory!? have documented the feasibility of mea- 
surement of the ultrasonic backscatter from beating 
hearts in an open chest canine preparation.!? Currently, 
approaches to compensate for the attenuation of in- 
tervening tissue are being vigorously explored. Such 
methods offer considerable promise for clinical echo- 
cardiography. The differentiation of ischemic, car- 
diomyopathic, hypertrophic and pericardial heart dis- 
ease represent examples of their potential diagnostic 
value. 

In the present study, cardiomyopathic tissue was 
found to manifest altered quantitative ultrasonic 
backscatter. Although methodologic limitations re- 
sulted in some overlap among individual values, the 
statistically significant differences between the grouped 
data indicate that quantitative ultrasonic backscatter 
holds promise for the clinical identification of doxoru- 
bicin-induced cardiomyopathy. Although doxorubicin 
cardiomyopathy has been detected by clinical echo- 
cardiography, phonocardiography and radionuclide 
imaging, early definitive diagnosis continues to be elu- 
sive.!4.15 Specific risk factors (for example, age and 
dosage schedule) have been identified that increase the 
probability of the clinicaFappearance of the syndrome 
of congestive heart failure. Development of a noninva- 
sive, quantitative method for serial characterization of 
physical properties of heart muscle in patients given 
doxorubicin offers promise of improving detection of 
cardiomyopathy and, hence, effective monitoring of 
toxicity of antineoplastic therapy. 
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designed from scratch. We started by 


analyzing the competition. We developed 


superior ECG systems that offer greater 
value. Two basic recorders, a portable 
single channel and a mobile three 
channel automatic have all the options 
you will ever need. Power packs, stress 


testing, telephone transmission and more 


are available from ATL. 





Quality Tracings, Any Patient, 
Anywhere. 

ATL added three great features to bring 
you a better tracing. A heated stylus that 
is regulated in proportion to paper speed 
to provide a consistent tracing. A DC 
drive recording system that has the accu- 
racy of a fine quartz watch. And on the 
three channel, two filters eliminate arti- 
face and AC interference. The result 
is a clean, accurate tracing. 

Human Engineered: Easy to 
Operate, Simple to Repair. 
ATL redesigned many of the trouble 


spots found in other ECG units. Basi- 
cally, we made things simple. 





A stylus anyone can replace in 15 
seconds. A paper system that does not 
need threading. And, a single patient 
cable for both stress and resting ECGs. 

Modularly designed, everything 
unplugs in seconds for fast, easy service. 
Many repairs can be handled quickly by 
your own staff. ATL ECG Systems re- 
duce repair time from hours to minutes. 


Nationwide Service from ATL. 
ATL has an established service net- 
work. It is working everyday, right now, 
servicing hospitals and clinics across the 
country for ATL Ultrasound products. 
An expanding network of 
five regional service centers 







and over 60 technical service 


representatives are based acros 
These people know your needs 
know medical electronics. Nos 
be providing complete service | 
for ATL ECG products — wher 
wherever you need it. 


Options for Today and 


Tomorrow. 

The problem with ECG equip 
today, is that it can limit your oj 
tomorrow. Not with ATL. ATI 
Systems are designed to expan 
can start with the recorder now. 
additional capabilities as you n 
Capabilities such as phone tran 
a scope monitor or even a tread 
ular design allows all of these o 
be added on location with little 
downtime. 

ATL keeps your options open 
Compare ATL ECG Sys 
High Performance at Lo 


Call for a demonstration toda: 
Compare tracings. Compare fe 
Compare quality. Then compa 
No other ECG system can mat 
features and the value of ATL. 

ATL ECG Systems — quality 
value. Call or write for more in 





Advanced Technology Laboratories, Inc. 
P.O. Box 6639 > 

Bellevue, WA 98007 

(206) 881-2233 

Cable: ECHODOPLER 

TWX: 910-443-2310 
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Techniques sensitive to 
thrombosis in popliteal, femoral 
and iliac veins* 


Doppler Ultrasound 


Principle— When ultrasound encounters mov- 


ing particles in the blood, the character of 

the sound changes (Doppler shift) proportion- 
ally to the velocity of the flow. Diminished flow 
signifies thrombosis. 


Impedance Plethysmography 


Principle—Venous blood volume in the lower 


leg changes in response to inflation and 
deflation of a pneumatic thigh cuff. This blood 
volume change results in change of electrical 
resistance, or impedance. In the presence 

of deep vein thrombosis, there is little or 

no change in leg blood volume, and therefore 
little change in electrical impedance, because 
venous flow is obstructed and venous pulse 
is not transmitted. 


Techniques sensitive to thrombosis 
in smaller veins of the calf* 


|-Fibrinogen Scan 


Principle—Fibrinogen labeled with radio- 


active iodine is incorporated into actively 
forming thrombi. An isotope detector then 
measures the increase of overlying surface 
radioactivity. 


Thermography 


Principle—Deep vein thrombosis in the calf is 


associated with a diffuse area of increased 
heat emission from the involved muscle 
groups, as well as deviation of blood flow 
from the deep venous system to the superfi- 
cial. Diagnosis is made by the thermographic 
picture itself with its distribution of tempera- 
ture, rather than by the absolute temperature 
of the leg or the difference in temperature 
between legs. 


DOD Depot Availability: Bottles of 100 
NSN #6505-00-982-4230/2 mg 
6505-00-982-4229/5 mg 


Endo PI 


*In some instances, these techniques may be of diagnostic value 
beyond the indicatec anatomical regions. 


*Present as crystalline sodium warfarin isopropanol clathrate 


Noninvasive, sensitive, portable 

for bedside use 
While each technique has its own strengths e 
and drawbacks, you can find certain diag- 

nostic benefits common to all: reliable/ 
sensitive/readily reproducible/convenient 

for bedside use/well accepted by patients 


Selecting patients who can 
benefit most 


Screening for deep vein thrombosis is espe- 
cially important among certain high-risk 
patients, including those with one or more of 
the following factors: 

m advanced age m fractures of lower limb 

m hip surgery m pelvic or abdominal surgery 
with extensive dissection m previous venous 
thromboembolism m congestive heart failure 
m cancer surgery m obesity m varicose vein 


surgery 


| 
4 
Once you've decided to 
anticoagulate... | 
COUMADINS (crystalline warfarin sodium) 

offers effective prophylaxis and treatment of 
venous thrombosis and its extension. For 
initiating COUMADIN at the proper dosage, 

the prothrombin time test is your most valua- 

ble tool. And used frequently over the course 

of treatment, it serves as a reliable guideline 

for dosage adjustments. (See "Dosage and 
Laboratory Control" section of full prescribing 
information.) Patient compliance is a major 
component of successful anticoagulant treat- 
ment. The more patients know about their 

illness and their medication, the more reliable 
they should be in following your instructions 
regarding taking of medication, keeping labo- 
ratory appointments, maintaining proper diet 

and, in general, caring for their own health. 


COUMADIN: 


crystalline warfarin sodium, USP" 
TABLETS 


The oral anticoagulant of choice | 
for suspected or detected | 
thromboembolism 


COUMADIN is an Endo registered U.S. trademark. 





Before prescribing, please see full product information 
on following page. 
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crystalline warfarin sodium, Us" 
TABLETS 


DESCRIPTION COUMADIN (crystalline warfarin sodium), a prothrombinopenic anticoagulant, 
iS chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of warfarin 
‘sodium virtually eliminates trace impurities present in amorphous warfarin sodium, thus achiev- 
ing a crystalline product of the highest purity. Warfarin* is the coined generic name for 3-(a- 
Acetonylbenzyl)-4-hydroxycoumarin. On a dose-for-dose basis, COUMADIN (crystalline war- 
farin sodium) is therapeutically equivalent to amorphous warfarin sodium. 


ACTIONS COUMADIN and other coumarin anticoagulants act by depressing synthesis in the 
liver of several factors which are known to be active in the coagulation mechanisms in a variety 
of diseases characterized by thromboembolic phenomena. The resultant in vivo effect is a 
sequentia! depression of Factors VII, IX, X and Il. The degree of depression is dependent upon 
the dosage administered. Anticoagulants have no direct effect on an established thrombus, 
nor do they reverse ischemic tissue damage. However, once a thrombosis has occurred, 
anticoagulant treatment aims to prevent further extension of the formed clot and prevents 
Berondary thromboembolic complications which may result in serious and possible fatal 
Sequelae. 
After oral administration, absorption is essentially complete, and maximal plasma concentra- 
lions are reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. 
COUMADIN (crystalline warfarin sodium) usually induces hypoprothrombinemia in 36 to 72 
hours. and its duration of action may persist for 4 to 5 days, thus producing a smooth, long 
asting response curve. Little is known of the metabolic pathways involved in the biotransfor- 
‘mation of oral anticoagulants in man. However, their metabolites appear to be eliminated 
. principally in the urine. 


J. INDICATIONS Based on a review of this drug by the National Academy of Sciences— 
E Research Council and/or other information. FDA nas classified the indications as 
| follows: 

. Effective: COUMADIN is indicated for the prophylaxis and treatment of venous thrombosis 
. and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
| treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 
` b "Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 


| Final classification of the less-than-effective indication requires further investigation. 
































CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical 
condition or personal circumstance in which the hazard of hemorrhage might be greater than its 
potential clinical benefits, such as: 


Pregnancy —COUMADIN (crystalline warfarin sodium) is contraindicated in pregnancy because 
the drug passes through the placental barrier and may cause fatal hemorrhage to the fetus in 
utero. Furthermore, there have been reports of birth malformations in children born to mothers who 
have been treated with warfarin during pregnancy. Women of childbearing potential who are 

;andidates for anticoagulant therapy should be carefully evaluated and the indications critically 
reviewed with the patient. If the patient becomes pregnant while taking this drug, she should be 
apprised of the potential risks to the fetus, and the possibility of termination of the pregnancy 
should be discussed in light of those risks. 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgay of: (1)central 
nervous system. (2)eye; (3)traumatic surgery resulting in large open surfaces. Bleeding tenden- 
cies associated with active ulceration or overt bleeding of: | !)gastrointestinal, genitourinary or 
respiratory tracts, (2)cerebrovascular hemorrhage; (3)Janeurysms— cerebral, dissecting aorta: 
(4)pericarditis and pericardial effusions, (5)subacute bacterial endocarditis. Threatened abortion, 
‘eclampsia and preeclampsia. Inadequate laboratory facilities or unsupervised senility, alcohol- 
ism, psychosis; or lack of patient cooperation. Spinal puncture and other diagnostic or therapeutic 

rocedures with potential for uncontrollable bleeding. Miscellaneous: major regional. lumbar 
- block anesthesia and malignant hypertension. 


WARNINGS Warfarin sodium is a potent drug with a half-life cf 22 days. therefore its effects may 
‘become more pronounced as daily maintenance doses overlap. It cannot be emphasized too 
Strongly that treatment of each patient is a highly individualized matter. Dosage should be con- 
- trolled by periodic determinations of prothrombin time or other suitable coagulation tests. Deter- 
“Minations of whole blood clotting and bleeding times are not effective measures for control of 
therapy. Heparin prolongs the one-stage prothrombin time. Therefore, to obtain a valid prothrombin 
“time when heparin and COUMADIN (crystalline warfarin sodium) are given together. a period of at 
least 5 hours should elapse after the last intravenous dose and 24 hours after the last subcutaneous 
‘dose of heparin, before blood is drawn. 


Ca lion should be observed when warfarin sodium is administered in any situation or physical 
condition where added risk of hemorrhage is present. 


dministration of anticoagulants in the following conditions will be based upon clinical judgment 
in which the risks of anticoagulant therapy are weighed against the risk of thrombosis or emboli- 
"Zation in untreated cases. The following may be associated with these increased risks: 


-Lactation—coumarins may pass into the milk of mothers and cause a prothrombinopenic state in 
the nursing infant. Severe to hepatic or renal insufficiency. Infectious diseases or 
disturbances of intestinal flora —so'ue. antibiotic therapy. Trauma which may result in internal 
bleeding. Su or trauma resulting in large exposed raw surfaces. Indwelling catheters. 
Severe to m hy . Miscellaneous: polycythemia vera, vasculitis, severe diabe- 
tes, severe allergic and anaphylactic disorders 


Patients with congestive heart failure may become more sensitive to COUMADIN, thereby requiring 
‘more frequent laboratory monitoring, and reduced doses of COUMADIN. 

Concurrent use of anticoagulants with streptokinase or urokinase is not recommended and may 
be hazardous. (Please note recommendations accompanying these preparations.) 

‘Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually 
‘over three to four weeks. 


PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation 
'st is essential. 


AQ 










- Numerous factors, alone or in combination, including travel, changes in diet, environment, 
physical state and medication may influence response of the patient to anticoagulants. It is 
gene lly precare to monitor the patient's response with additional prothrombin time 
determinations in the panas immediately after discharge from the hospital, and whenever 
other medications are initiated, discontinued or taken haphazardly. The following factors are 
listed for your reference; however, other factors may also affect the prothrombin response. 


rhe following factors, alone or in combination, may be responsible for increased prothrom- 
bin time response: : 
ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea: ele- 
vated temperature, hepatic disorders—infectiqus hepatitis, jaundice; poor nutritional state; vitamin 
. K deficiency—steatorrhea. 


EXOGENOUS FACTORS. Alcoholt; allopurinol, amigosalicylic acid: anabolic steroids; antibiotics; 
- bromelains; chloral hydratet; chlorpropamide; chymotrypsin; cimetidine; cinchophen; clofibrate; 
COUMADIN (crystalline warfarin sodium) overdosage; dextran; dextrothyroxine. diazoxide; dietary 
deficiencies, diureticst; disulfiram; drugs affecting blood elements; ethacrynic acid; glucagon; 
hepatotoxic drugs: indomethacin, inhalation anesthetics; mefenamic acid: methyldopa; methyl- 
- phenidate; metronidazole; monoamine oxidase inhibitors; nalidixic acid; oxolinic acid; oxyphen- 
 butazone. pyrazolones; phenylbutazone; phenyramidol. phenytoin, prolonged hot weather; prolonged 
‘Narcotics: quinidine; quinine; salicylates, sulfinpyrazone; sulfonamides. long acting, sulindac: thy- 
foid drugs. tolbutamide, triclofos sodium, trimethoprim/sulfamethoxazole; unreliable prothrombin 
time determinations. 


. "Present as crystalline sodium warfarin isopropanol clathrate. 
tincreased and decreased prothrombin time responses have been reported. 


-` COUMADIN is an Endo registered U.S. trademark. 
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bin time response: A I 
ENDOGENOUS FACTORS: Edema; hereditary resistance to coumarin therapy; hyperlipemia; 
hypothyroidism. 


EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids; antihistamines; barbitu- 
rates; chloral hydratet; chlordiazepoxide; cholestyramine; COUMADIN (crystalline warfarin so- 
dium) underdosage; diet high in vitamin K; diureticst; ethchlorvynol, glutethimide; griseofulvin, 
haloperidol; meprobamate; oral contraceptives; paraldehyde; primidone; rifampin; unreliable pro- 
thrombin time determinations; vitamin C. 


tincreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and 
some decrease his sensitivity to COUMADIN. Because the net effect on his prothrombin time 
response may be unpredictable under these circumstances, more frequent laboratory monitoring 
is advisable. 


Drugs not yet shown to interact or not :o interact with coumarins are best regarded with suspicion. 
and when their administration is started or stopped, the prothrombin time should be determined 
more often than usual. 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tol- 
butamide) and anticonvulsants (phenytoin and phenobarbital) may accumulate in the body as a 
result of interference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN (crystalline warfarin sodium) include: 


1. Minor or major hemorrhage from any tissue or organ—which is an extension of the physiologic 
activity of prothrombinopenia. The signs and symptoms will vary according to the location and 
degree or extent of the bleeding. Therefore the possibility of hemorrhage should be considered in 
evaluating the condition of any anticoagulated patient with complaints which do not indicate an 
obvious diagnosis. Bleedin ein debes ulant therapy does not always correlate with prothrom- 
bin activity. (See TREATMENT FOR OVERDOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diag- 
nostic investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer, etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever, nausea, diarrhea. abdominal cramping, a syndrome called "purple toes; hypersensitivity 
reactions and a reaction consisting of hemorrhagic infarction and necrosis of the skin. Y- 


3. Priapism has been associated with anticoagulant administration, however, a causal relationship 
has not been established. 


DOSAGE AND LABORATORY CONTROL The aim o! anticoagulant therapy is to impede the 
coagulation or clotting mechanism to such an extent that thrombosis will not occur, but at the 
same time avoiding such extensive impairment as might produce spontaneous bleeding. Effective 
therapeutic levels with minimal complications can best be achieved in cooperative and well-in- 
structed patients, who keep the doctor informed of their status between visits. COUMADIN (crys- 
talline warfarin sodium) patient aids are available to physicians on request. 


The administration and dosage of COUMADIN must be individualized for each patient according 
to the particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrom- 
bin time reflects the depression of vitamin K dependent Factors VII, X and Il. These factors, in 
addition to Factor IX, are affected by coumarin anticoagulants. There are several modifications of 
the Quick one-stage prothrombin time and the physician should become familiar with the specific 
method used in his laboratory. 


Administration of COUMADIN should be gauged according to prothrombin time determinations by 
a suitable method. The blood prothrombin time should usually be determined daily after the admin- 
istration of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin time determinations should be based upon the physician's judg- 
ment of the patient's reliability and response to warfarin in order to maintain the individual within 
the therapeutic range. Acceptable intervals for prothrombin time determinations have usually fallen 
within the range of one to four weeks Satisfactory levels for maintenance of therapeutic anti- 
My pe aa 1⁄2 to 2⁄2 times the normal prothrombin time (e.g. 18 to 30 seconds, with a control 
of 12 seconds). 


Induction—40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for 
one dose only administered orally, intravenously or intramuscularly. 


Alternatively, the large priming dose may be decreased for all patients to minimize the possibility 
of excessive increases in prothrombin time. Induction may be initiated with 10 to 15 mg daily and 
thereafter (usually 2 or 3 days) adjusted according to prothrombin time response. The basis for 
the no-loading dose regimen is that the depression of Factors Il, IX, and X is not accelerated by 
the administration of a loading dose. 


Maintenance— Most! patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility 
of dosage is provided by breaking scored tablets in half. The individual dose and interval should 
be gauged by the patient's prothrombin response. 


Duration of therapy— T^e duration of therapy in each patient should be individualized. In general, 
anticoagulant therapy should be continued until the danger of thrombosis and embolism has 
passed 


Treatment during dentistry and surgery— The management of patients who undergo dental and 
surgical procedures requires close liaison between attending physicians. surgeons and dentists. 
Interruption of anticoagulant therapy may precipitate thromboembolism. and conversely, if anti- 
coagulants are maintained at full doses, some patients may hemorrhage excessively. If it is elected 
to administer anticoagulants prior to, during. or immediately following dental or surgical proce- 
dures, it is recommended that the dosage of COUMADIN (crystalline warfarin sodium) be adjusted 
to maintain the prothrombin time at approximately 142 to 2/2 times the contro! level. The operative 
site should be sufficiently limited to permit the effective use of local procedures for hemostasis 
including absorbable hemostatic agents, sutures, and pressure dressings if necessary. Under 
these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. 


COUMADIN with Heparin—Since a delzy intervenes between the administration of the initial dose 
and the therapeutic prolongation of prothrombin time, it may be advisable in emergency situations 
to administer sodium heparin initially along with COUMADIN. The initial dose of heparin and 
injectable COUMADIN may be administered together in the same syringe. 


It should be noted that heparin may affect the prothrombin time, and therefore, when patients are 
receiving both heparin and COUMADIN, the blood sample for prothrombin time determination 
should be drawn just prior to the next heparin dosage. at least 5 hours after the last intravenous 
injection or 24 hours after the last subcutaneous injection. 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia. with or without bleeding, is 
readily controlled by discontinuing COUMADIN (crystalline warfarin sodium). and if necessary, the 
oral or parenteral administration of vitamin K;. The appearance of microscopic hematuria, exces- 
sive menstrual bleeding. melena, petechiae or oozing from nicks made while shaving are early 
manifestations of hypoprothrombinemia beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding. omission of one or more doses of 
COUMADIN may suffice; and if necessary, small doses of vitamin K; orally, 2.5 to 10 mg, will 
usually correct the problem. 

If minor bleeding persists. or progresses to frank bleeding. vitamin K1 in doses of 5 to 25 mg may 
be e parenterally. (Please note recommendations accompanying vitamin K preparations prior 
to use. 

Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombi- 
nopenic states unresponsive to vitamin K1. 

Resumption of COUMADIN administration reverses the effect of vitamin K1, and a therapeutic 
hypoprothrombinemia level can again be obtained. 

SUPPLIED Tablets: COUMADIN (crystal ine warfarin sodium. USP). For oral use, single scored, 
imprinted numerically with potency as follows: 2 mg lavender. 2/2 mg orange, 5 mg peach. 7⁄2 
mg yellow, 10 mg white. !n bottles of 100 and 1000. Also available in Hospital Unit-Dose blister 
package of 100. 

Injection: Available as single injection units of amorphous warfarin sodium lyophilized for intra- 
venous or intramuscular use in a box of 6 units for use immediately after reconstitution. 

50 mg: Unit consists of 1 vial. 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted 
with sodium hydroxide; accompanied by a 2 ml ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for 
intravascular injection without first having been made approximately isotonic by the addition of a 
suitable solute. Use only for reconstitution of the lyophilized product 

Injection manufactured by Lypho-Med, Inc.. Chicago, Illinois 60651 for Endo Laboratories, Inc. 


6037-16 Revised Jan. 1980 


€ndo Laboratories, Inc. 


Subsidiary of the DuPont Company 
Garden City, New York 11530 
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Another reason were called PACESET TER: 


Now:Programalith sophistication 
in external pulse generators. 


With the Pacesetter advantage: Hysteresis. ^ Power source is a standard 9 volt battery, 

with the added advantage of having the unit 
Smaller, lighter, easier to use— with a range of continue to function during battery replacement. 
qualities that gives you the sophistication and 
precision you demand. The new external 
pacemakers from Pacesetter. 


The 352 provides conventional temporary rt | 
pacing capabilities safely and conveniently sophistication 
in a size comfortable for the patient whether atalllevels of | 
confined or ambulatory. cardiac care. | 
sm 


The hysteresis feature of the 354 adds extra No wonder 
50 





The result: Just what you've come to expect 
from Pacesetter. 




















































flexibility, allowing the heart to function on its we're known 3 
own, naturally, so long as the rate is above a as Pacesetter. . 54 
physiological minimum, 


yet providing standby 
pacing capability at a 
normal rate should the 
naturalrhythm droptoo ~ 


/ 
low (a feature gaining 
increasingly wide ac- | 
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ceptance in our Pro- 359 4 
. gramalithfamily of ~ P 
implantable pacers). Externa | 
— Both units feature Pulse 

continuously adjust- Cerat 

able ranges of pulse 


fate, output current 
and sensitivity. 

- Controls are 
protected against 
inadvertent 

. change or pa- 

tient interfer- 

ence. LED's à a 

show both ry e etc ote Demand Facieq uil VVI Extended 

inp eem ¢ | i teresa authored by Abraham'Azulay, M.D., et al, and 
pacing events, » E^ presented at the Sixth World Symposium on Cardiac Pacing. 
and quick re- 
lease connec- 

tors facilitate s 

. lead attachment” 
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Bayer Aspirin 


For reducing the risk of transient ischemic attacks 
or stroke in men who have had transient ischemia of 
the brain due fo fibrin platelet emboli 


THE DAWN. 


OF A NEW ERA 
IN PREVENTIVE 
MEDICINE 






Recently, an official government bulletin 
indicated that the following professional 
guideline labeling will be published: 


There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 
ischemic attacks or stroke in men who Nave had 
transient ischemia of the brain due to fibrin 
platelet emboli. 

There is no evidence that aspirin is effective 
in reducing TIAs in women, or is of benefit in the 


treatment of completed strokes in men or women. 


Patients presenting with signs and symptoms 
of TIAs should have a complete medical and 
neurologic evaluation. 

Consideration should be given to other dis- 
orders which resemble TIAs. 

It is important to evaluate and treat, if appro- 
priate, other diseases associated with TIAs and 
stroke, such as hypertension and diabetes. 

The recommended dosage for this new indi- 
cation is 1,300 mg/day (650 mg twice/day or 
325 mg four times a day). 











Prostaglandin inhibition— 
the key to aspirins success 


With the ability of aspirin to reduce the risk of recur- 
rent TIAs and stroke clearly demonstrated in two 
major multicenter studies! physicians throughout 
the country can now provide their own TIA patients 
with the prophylactic benefits of Bayer Aspirin. 


At the same time, important new research is 
being conducted to determine the full scope of 
aspirin benefits in vascular disease...and in many 
other disorders involving prostaglandin synthesis. 


It has become apparent that many of aspirins 
therapeutic effects —including its-analgesic, anti- 
pyretic, anti-inflammatory and antithrombotic 
actions, can be traced entirely, or in part, to its 
ability to inhibit prostaglandin formation. 


Prostaglandins are produced by every organ 
in the body with far reaching effects? In vascular 
disease, for example, it is the excess production 
of the prostaglandin derivative, thromboxane A», 
that can ultimately lead to embolus formation. 





Cross-section of artery —artist s interpretation of 
circulating platelets encountering area of erosion in arterial wall. 


SUBENDOTHELIUM TISSUE 





Cerebrovascular clot formation begins when 
platelets circulating in the blood encounter an area 
of vascular erosion (usually predisposed by athero- 
sclerosis)...with its exposed subendothelial tissue 
and collagen. 





Through a series of prostaglandin interac- 
tions, a platelet collagen reaction takes place— 
first provoking platelet adhesion, then stimulating a 
self-perpetuating process of secretion, and finally, 
aggregation. Once formed, thrombi may dislodge. 





By inhibiting platelet cyclo-oxygenase, an enzyme 
that mediates prostaglandin formation, aspirin in- 
hibits thromboxane synthesis, prevents adhesion 
and thrombus formation and precludes thrombus 
dislodgment and subsequent TIA or stroke. 


Bayer Aspirin and 
continuing investigations 


Of the large number of pharmaceutical agents 
capable of altering platelet function, only aspirin - 
has been shown to produce effects that are irre- 
versible for the life of the platelet. 4 

Thus, the use of aspirin is being intensively - | 





investigated in a number of possible new clinical 
areas in which its antiplatelet, prostaglandin- - 
inhibiting effects may be beneficial. | 

Not surprisingly, Bayer Aspirin has been the 
aspirin chosen for a large number of past and 
present studies. Bayer Aspirin actually exceeds 
U.S.P. requirements in critical areas such as aspirin 
content per tablet, dissolution time and free 
salicylic acid content. Over 100 quality-control tests 
help assure that the therapeutic dose recom- 
mended is the dose patients receive. 

The Bayer Company is pleased not only to lend 
its continuing support to wide-ranging investiga- 
tional studies, butto provide the medical community 
with comprehensive services and materials con- 
cerning aspirin. 

The ability to reduce the risk of TIA or stroke 
with a drug as widely accepted, well tolerated and 
inexpensive as Bayer Aspirin, certainly represents - 
the dawn of a new era in preventive medicine. 
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VIGILANT™ and PECGASYS,™ from Data- VIGILANT. 
medix. A company totally committed to integrating VIGILANT has spearheaded the acceptance of 
signal processing with computer technology to break computerized arrhythmia monitoring in the CCU. It 
new ground in arrhythmia monitoring. identifies complex cardiac events so accurately, that 
VIGILANT and PECGASYS are the two most it emerges as the world's first arrhythmia identifi- 
advanced arrhvthmia monitoring systems in exis- cation system. 
tence—VIGILANT for the hospitalized patient, Its the world's 
PECGASYS for the ambulatory patient. most accurate, most 
Both are designed and built by Datamedix to thoroughly documented 
give you features never before available to the arrhythmia monitoring 
medical profession. Features that have true clinical system, too. With a 
significance, that let you make diagnostic judg- beat detection accuracy 
ments faster, and more accurately than ever before. of 99.9495, false positive 
Read about VIGILANT and PECGASYS. Then VPB rate of 0.196, and 
decide for yourself. false negative VPB rate of 4.6%.! It identifies more 


arrhythmias than any other system. 

In the CCU, VIGILANT analyzes and stores 
arrhythmias, and the events preceding them, so you 
can recall and review significant data faster and 
more accurately than ever before. 


PECGASYS. 

The world's first 
totally computerized 
ambulatory system. 
PECGASYS gives you 
24-hour ECG monitor- 
ing and arrhythmia 
recording. It also gives 
you unequaled speed, accuracy and identification 
capabilities, because it analyzes every heartbeat. 
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theheart — 
onitoring Is here: 


PECGASYS renders conventional systems 
obsolete, because it completely eliminates the need 
for tedious, error-prone human scanning. Instead, 
PECGASYS utilizes an ambulatory monitoring unit 
(AMU) containing a microcomputer that analyzes, 
classifies, and stores cardiac events as they occur. 
The AMU is then docked into a microprocessor-based 
desktop analysis unit that produces a complete hard- 
copy report of cardiac events, including: graphs, QRS 
types observed, rhythm strips and summary of ab- 
normal QRS complexes, major pattern changes, S-T 
deflection and R-R interval summaries. 
DATAMEDIX. 

Only a company with a total commitment to 
advanced, proven technology could develop systems 
like VIGILANT and PECGASYS. A company capable 
of integrating advanced signal processing with com- 
puter technology and adapting it to cardiac care. A 
company like Datamedix. With direct sales and . 
service offices nationwide for solid product su 

When you're ready for the state of the heart? 
arrhythmia monitoring, there's only one choice 
Datamedix. Remember the name. : 

For more information, write Datamedix, Ines 
Route 1, Sharon, Massachusetts 02067. Or phone 
(617) 784-7878. 


DATAMIEDIX, INC. 
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At least 


| of every 5 CCU patients 


discharged with 
"MI ruled out" 


suffers a new 
cardiac event 
within 24 months. 





MvyoOlrac" 


can help you predict 
which 
one. 


The traditional criteria used to rule out 
myocardial infarction (symptoms, ECG, enzymes) 
provide little support in establishing a prognosis.' 


Approximately 2096 of those discharged from a 
CCU with “MI ruled out," experience an acute 
infarction within 2 years.? The objective 
techniques which might distinguish such 
patients in advance (arteriography, scintigraphy, 
echocardiography) are inappropriate for use as 
routine screening procedures. Therefore, many 
patients may appear to be out of danger until the 
onset of a subsequent cardiac event. 


Laboratory Procedures-Upjohn is pleased to 
introduce a new, reference laboratory service 


which, we believe, will assist in identifying those 
“MI ruled out” patients who may be at near-term 
risk for a subsequent MI. 


Myotrac™ service includes the provision of 
specially-prepared blood collection tubes, 
comprehensive test information and, of course, 
the controlled performance of an exclusive new 
reference test (CK- Bi). In one recent study, the 
Myotrac test was performed on specimens from 
124 "MI ruled out" patients, prior to release from 
a CCU. During a six-month follow-up, there were 
24 new infarctions and three cardiac deaths 
among 40 Myotrac-positive patients. Among 80 
patients who were Myotrac-negative, there were 
no new events and no deaths. ° 


Informative literature describes the development, validation and 
practical use of this important technology. For details, simply call the toll-free 
number below and one of our representatives will contact you. 


' Call: (800) 621-1776 


(In Illinois, please call collect (312) 951-7692) 
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* Reference citations available on request. 
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For men who have already felt the effeéts of without the high incidence of untoward gastro- 
cerebral ischemia, daily doses of aspirin provide intestinal effects associated with ordinary aspirin 
significant protection against recurrence of stroke preparations. By reducing Gl unpleasantness. 
or TIA. Ascriptin® may contribute significantly to better 
Ascriptin* —Maalox*-protected—is designed to give long-term adherence...and therefore better 
the full benefit of continuous, daily aspirin dosage protective results. 

The best of . 


aspirin is 


Aspirin 325 mg Bl buffered with Maalox® 150 mg 


1 tablet q.i.d. or 2 tablets b.i.d. to help prevent recurrent TIA in men 




















Reduced Risk 
Aspirin Therapy 

in the Conventional 
Dosage Range 


e to help prevent TIA 

e to relieve pain 

e to reduce fever 

e to aid in vascular headache 

e to suppress platelet aggregation 


The only antiprostaglandin therapy that has passed the test of 
time and experience, aspirin is probably the most widely used 
drug in the world. With the inclusion of Maalox® in the tablet, 
aspirin becomes Ascriptin*—keeping all its therapeutic 
effectiveness and reducing risk of GI intolerance—for even 
greater acceptability to occasional users as well as to patients 
on long-term or frequent dosage. 


T For the best 


3 of aspirin... 
| Aspirin, 325 mg & buffered with Maalox®, 150 mg 


RECOMMENDED ASCRIPTIN® DOSE IN TIA's: 1300 mg/day 
(two tablets b.i.d. or one tablet q.i.d.) 














There is evidence that aspirin is safe and effective for 
reducing the risk of recurrent transient ischemic attacks 
or stroke in men who have had transient ischemia of the 
brain due to fibrin platelet emboli. 
There is no evidence that aspirin is effective in reducing 
|. TIAS in women or is of benefit in the treatment of 
completed strokes in men or women. Patients presenting 
jgns and symptoms to TIA's should have a complete 
ical and neurologic evaluation. | 
aeration should be given to other disorders which 
TIA's. 
It is important to evaluate and treat, if appropriate, other 
disease associated with TIA's and strokes such as 
hypertension and diabetes. 
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A nongeometric technique for the determination of left ventricular volumes 
from the count data derived from gated equilibrium blood pool scans was 
previously described and validated by the demonstration of an excellent 
correlation between the derived data and angiographically determined 
left ventricular volumes. To provide a further prospective evaluation of 
this method and to validate its ability to determine stroke volume and 
cardiac output by a technique that is itself independent of geometric as- 


| 


! 


n 


| 


sumptions, simultaneous measurements of cardiac output by the ther- - 
modilution technique and gated scintigraphy were performed in 21 patients - 
without valve regurgitation or intracardiac shunts. To substantiate the - 
reliability of scintigraphic measurements at high levels of cardiac output, - 


seven patients had multiple measurements of cardiac output at rest and 
during an infusion of isoproterenol. There was an excellent correlation 
between thermodilution and scintigraphic values for cardiac output (scan 
cardiac output — 0.99 thermodilution cardiac output — 0.005 liters/min; 
n — 31, standard error of the estimate [SEE] — 0.175 liters/min, r — 0.97) 
as well as between thermodilution and scintigraphic stroke volumes (scan 
stroke volume — 1.03 thermodilution stroke volume — 2.8 ml; n — 31, SEE 
— 2.5 ml, r — 0.95). In addition, the relation between scintigraphic and 
angiographic measurements of left ventricular volumes continued to be 
excellent: in 15 patients with technically adequate angiograms, scinti- 
graphic left ventricular volume — 0.90 angiographic left ventricular volume 
t 7 ml (n — 30, SEE — 10 ml, r — 0.91). Thus, this study further validates 
the nongeometric method of measuring left ventricular volumes with gated 
scintigraphy and demonstrates its ability to measure left ventricular stroke 
volume and cardiac output reliably. 


Recently we!” and others? described a nongeometric scintigraphic 
technique for determining left ventricular volumes from gated equilib- 
rium blood pool scans. With this method, scintigraphic estimates of left 
ventricular volumes are calculated from the activity level in the left 
ventricle normalized for that of peripheral venous blood. Because of the 
attenuation of counts caused by the chest wall, the scintigraphic esti- 
mates of left ventricular volumes are consistently smaller than the actual 
volumes; hence, a regression equation is required to convert scintigraphic 
measurements to actual volumes in milliliters. When these scintigraphic 


measurements are compared with those determined with contrast ven- | 


triculography, an excellent correlation is demonstrated.!-^ Although such 
angiographic determinations of left ventricular volumes based on the 
area-length method are generally reliable,®* in some circumstances they 
may be inaccurate, particularly when left ventricular geometry is 
markedly distorted.? Thus, a further validation of the scintigraphic 
technique by a method independent of geometric assumptions is im- 
portant. Unfortunately, all available methods of measuring left ven- 
tricular end-diastolic and end-systolic volumes are based on geometric 


May 1981 The American Journal of CARDIOLOGY Volume 47 -1061 





principles. However, cardiac output and stroke volume 
‘can be determined by several techniques independent 
of geometric assumptions. 
! This study was therefore performed to (1) describe 
pet: modifications in the scintigraphic method for 
| Measuring left ventricular volumes; (2) assess the ability 
of this scintigraphic technique to determine cardiac 
utput and stroke volume; and (3), in so doing, provide 
a further prospective evaluation of the accuracy of the 
scintigraphic technique using a method that is itself 
independent of geometric assumptions. 


Methods 


Patients: Simultaneous measurements of cardiac output 
with the thermodilution technique!?-!^ and gated equilibrium 
blood pool scintigraphy were performed at the time of routine 
cardiac catheterization in 21 patients, 13 men and 8 women 
with a mean age 44 years. Catheterization was deemed ap- 
propriate to evaluate chest pain of uncertain origin in 14 pa- 
tients, some sequelae of ischemic heart discase in 5, pulmonary 
ypertension in 1 and a possible intracardiac shunt in 1. Left 
'entricular cineangiography, supravalve cineaortography and 
intracardiac oximetry were performed in all patients to ex- 
clude mitral and aortic regurgitation and intracardiac 
hunting. To validate the scintigraphic method of measuring 
stroke volume and cardiac output over a wide physiologic 
range, determinations were made in seven patients at rest and 
during graded infusions of isoproterenol (1 to 4 ug/min). 

Technique for thermodilution cardiac output mea- 
surement: Right heart catheterization was performed with 
a flow-directed balloon-tipped thermodilution catheter 
(Electronics for Medicine thermodilution catheter 620037). 

Under fluoroscopic control, the tip of the catheter was ad- 
vanced to the proximal portion of the right or left pulmonary 
artery. At 90 second intervals, bolus injections of sterile saline 
solution (10 ml at 4? C) were introduced into the right atrium 
through the catheter's proximal lumen, and the resultant 
change in temperature at the thermistor was recorded. Cardiac 
output was calculated with a miniature analog computer 
system (Electronics for Medicine model DTCCO-06/V2212).16 
‘Thermodilution measurements of cardiac output were made 
throughout the acquisition of the scintigraphic data, and the 
corel of three to five determinations was used for the final 












correlation. The variability of thermodilution cardiac output 
measurements is +6 percent in our laboratory. Stroke volume 
was calculated by dividing cardiac output by the average heart 
rate during the acquisition of data. 

— Technique for angiographic left ventricular volume 
determination: In each patient a single plane right anterior 
oblique left ventriculogram was performed immediately after 
the scintigraphic study. In patients who received isoproterenol 
sufficient time was allowed to permit a return to baseline 
values for heart rate, blood pressure and cardiac output before 
ventriculography was performed. A lateral fluoroscopic system 
was used to visualize the catheter tip within the left ventricle, 
thus allowing accurate placement of a calibration grid with 
respect to the center of the ventricle. Angiographic volumes 
were determined with the area-length method and corrected 
using the Kennedy regression equation.? 

Technique for multigated equilibrium blood pool 
scintigraphy: Red blood cells were labeled with radioisotope 
using a technique combining features of both in vitro and in 
vivo labeling.!?-!? One milligram of stannous pyrophosphate 
(Phosphotec$, E. R. Squibb and Sons Inc., Princeton, New 
Jersey) was administered intravenously and allowed to cir- 
culate for approximately 20 minutes. Then, 20 ml of blood was 


withdrawn and combined with 30 mCi of technetium-99m 
sodium pertechnetate. Twenty to 50 units of heparin was 
added to prevent clotting. This mixture was allowed to incu- 
bate for 15 minutes before final administration to the pa- 
tient. 

Data collection was performed with a portable gamma 
scintillation camera (series Sigma 420, Ohio Nuclear Co., 
Solon, Ohio) equipped with an all-purpose parallel hole col- 
limator and interfaced with a dedicated on-line computer 
system (series 550, Ohio Nuclear Co.). Equilibrium gated 
blood pool scintigrams were obtained in a modified left an- 
terior oblique projection adjusted to allow the clearest septal 
visualization and left ventricular isolation. All studies were 
gated for 32 frames/cardiac cycle and collected for 100 percent 
of the cardiac cycle. The scintigraphic images were acquired 
for a predetermined number of cardiac cycles so that the total 
acquisition time of the study was approximately 8 minutes. 
'This procedure resulted in a minimum of 150,000 counts/ 
frame of the study. All data were stored on magnetic disks for 
subsequent analysis. Stroke volume was calculated by sub- 
tracting end-systolic volume from end-diastolic volume. 
Cardiac output was determined by multiplying stroke volume 
by the average heart rate during data acquisition. 

Technique of scintigraphic volume determination: The 
rationale and technique for the determination of scintigraphic 
left ventricular volumes have previously been described in 
detail.! Since our original description of this technique, the 
method used for background subtraction has been modified?; 
hence, the regression equation for conversion of scinti- 
graphic volumes to actual volumes has changed slightly. This 
new method of background subtraction was developed to 
minimize operator interaction by allowing background activity 
to be estimated automatically by computer. Our present ap- 
proach utilizes a linear interpolated background subtraction 
technique similar to that described by Goris et al.?? In this 
technique (1) the frame representing end-diastole is dupli- 
cated, and the entire cardiac silhouette is enclosed within a 
rectangle. The size of the rectangle is controlled by the oper- 
ator and is constructed so that all cardiac chambers are in- 
cluded (Fig. 1A). (2) After the initial delineation of the rec- 
tangle, no further operator interaction is required. Back- 
ground activity is estimated individually for each picture el- 
ement (pixel) within the rectangle. Operating on one row of 
pixels at a time, the average count value is determined for the 
first three pixels outside the rectangle along the right and left 
borders. Then, each pixel within a given row is reset to a value 
between the average values along the borders. The exact value 
represents a weighted average relative to the distance from 
the right and left borders of the rectangle. For example, a pixel 
located equidistant from the right and left margins of the 
rectangle would be reset to a value halfway between the av- 
erage values along the right and left borders. Completion of 
this process results in the construction of a background image 
that replaces the original cardiac activity (Fig. 1B). (3) This 
image is then subtracted on a pixel for pixel basis from the 
original frames representing end-diastole and end-systole. The 
resulting images (Fig. 1C) are used for further processing. 

The number of counts within the left ventricle was deter- 
mined for both end-diastolic and end-systolic images. 'This 
was accomplished by enclosing the left ventricle within a re- 
gion of interest on the video display monitor. The region of 
interest was constructed excluding any apparent left atrial 
activity. If the mitral valve plane was not clearly delineated, 
it was assumed to be perpendicular to the plane of the inter- 
ventricular septum, originating at the uppermost definable 
point of the septum. The remaining borders of the region of 
interest were constructed so that all left ventricular activity 
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was included. Each image was outlined twice and the average 
number of counts for the two determinations was used for the 
final calculation of ventricular volumes. The following 
equation was employed for the scintigraphic estimation of 
left ventricular volumes: 


Background-corrected left ventricular counts 
Total acquisition time/individual frame 
Peripheral blood activity X e~*t 


where e^ is the general equation for isotope decay, ^ = 
0.693/T!7. t = time (in minutes) from counting the peripheral 
blood sample to the mid point of the gated study, and T! for 
technetium-99m is 360 minutes. Because of chest wall atten- 
uation, the scintigraphic estimates of left ventricular volumes 
(calculated from this equation) are consistently smaller than 
the actual ventricular volumes. Therefore, the following re- 


Volume = 


, 


FIGURE 1. Technique of deriving scintigraphic left ventricular volumes. 
A, end-diastolic frame of a gated blood pool scintigram in a 35? left 
anterior oblique projection. The cardiac activity is enclosed within a 
rectangle that defines the area for the background subtraction program. 
See text for methodologic details. B, a computer is used to construct 
a background area that replaces the cardiac activity. Background activity 
is estimated individually for each picture element (pixel) within the 
rectangle. Operating on one row of pixels at a time, the average count 
value is determined for the first three pixels outside the rectangle along 
the right and left borders. Then, each pixel within a given row is reset 
to a value between the average value along the borders. The exact value 
represents à weighted average relative to the distance from the right 
and left borders of the rectangle. C, the resultant image after the 
background surface image (B) has been subtracted on a pixel for pixel 
basis from the original image (A). 
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| 
gression equation, previously established,? was used to correct, 
the scintigraphic estimates of volume for chest wall attentia- 
tion: Actual volume = 4.98 scintigraphic volume + 6.9 ml. 


Results 


Cardiac output and stroke volume determina- 
tions: T'hermodilution and scintigraphic cardiac output 
determinations are presented in Table I. Thermodilu- 
tion cardiac output values ranged from 3.4 to 13.2 li- 
ters/min and scintigraphic values from 3.4 to 13.4 li- 
ters/min. There was an excellent correlation betweei 
the two modes of measurement (Fig. 2): Scan cardial 
output = 0.99 thermodilution cardiac output — 0.00 


-> =L 


liters/min (r = 0.97, standard error of the estimate 
[SEE] = 0.175 liters/min, p <0.001). The stroke volume 
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T ABLE i 
Scintigraphic and Thermodilution Measurements 





f Cardiac Output 
" (liters/min) Stroke Volume (ml) 
F: ——————— 
f Heart Rate Thermo- Scinti- Thermo- Scinti- 
Case (beats/min) dilution graphic dilution graphic 
; 1 62 5.4 5.6 87 91 
E 2 70 4.5 4.2 65 60 
Fr 3 56 3.7 4.6 67 82 
4 83 3.9 3.5 47 42 
EG 76 4.8 5.3 63 70 
6 75 4.6 4.1 61 54 
E7 76 5.6 5.4 74 70 
D 8 68 5.4 5,5 79 81 
EO9 46 3.4 3.4 74 74 
10 65 5:71 4.9 79 75 
E11 64 4.5 4.3 71 67 
12 54 4.0 4.2 75 78 
13 96 4.1 3.4 42 35 
14 62 4.4 4.7 71 76 
15 62 7.3 7:9 118 121 
pi5* 86 11.2 11.0 131 128 
16 80 8.4 8.6 106 108 
16* 98 13.2 13.4 134 137 
17 64 oa 6.2 90 96 
le 77 8.4 8.6 119 122 
p17* 86 11.3 11.6 131 135 
18 73 3.9 3.6 54 49 
18* 88 6.5 6.6 74 76 
18* 132 8.1 7.9 62 60 
19 60 4.7 4.9 78 82 
19* 77 8.5 8.2 111 107 
20 73 7.0 6.5 95 89 
B 20* 96 10.6 10.4 111 108 
E 20* 107 12.3 11.8 115 110 
$ 21 64 5:4 4.8 79 74 
21* 74 LZ 7.6 105 103 


— * Measurements made during isoproterenol infusions. 





leterminations by both techniques are also displayed 
in Table I. Thermodilution stroke volumes ranged from 
42 to 134 ml and scintigraphic stroke volumes from 35 
to 137 ml. Figure 3 shows the close relation between 
thermodilution and scintigraphic stroke volumes: Scan 
stroke volume = 1.03 thermodilution stroke volume — 
2.8 ml (r = 0.95, SEE = 2.5 ml, p «0.001). The correla- 
tion of cardiac output and stroke volume measurements 
excluding those values obtained during an isoproterenol 
= was excellent: scan cardiac output = 1.02 
hermodilution cardiac output — 0.110 liters/min (r = 
0.96, SEE = 0.202 liters/min, p <0.001), and scan stroke 
volume = 1.10 thermodilution stroke volume — 6.8 ml 
(r = 0.96, SEE = 2.8 ml, p <0.001). 
_ Angiographic and scintigraphic volume deter- 
minations: Angiographic and scintigraphic measure- 
E of left ventricular end-diastolic and end-systolic 
volumes were correlated in 15 of the 21 patients. Six 
patients were excluded from this analysis because of 
technical problems with the performance or interpre- 
tation of the ventriculograms. Four of the six were ex- 
cluded because of severe wall motion abnormalities that 
altered the shape of the ventricle such that single plane 
angiographic volume determinations based on geo- 
metric assumptions could be in error, and the other two 
were excluded because persistent ventricular arrhyth- 
mia during ventriculography precluded angiographic 
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Cardiac Output (liters /minute) 

by Thermodilution 
FIGURE 2. Relation between scintigraphic (S) and thermodilution (THD) 
cardiac output (CO) measurements. The linear regression equation 
shown closely approximates that of the line of identity, and the standard 
error of estimate (SEE) is small. Closed circles represent cardiac output 
values at rest, and open circles represent output values during iso- 
proterenol infusion. 


volume determinations. These ventriculograms were 
deemed inadequate for the accurate determination of 
volume before any attempt was made to correlate 
scintigraphic and angiographic volume measure- 
ments. 

Angiographic and scintigraphic left ventricular 
end-diastolic and end-systolic volumes are presented 
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Stroke Volume (ml) by Thermodilution 


FIGURE 3. Relation between scintigraphic (S) and thermodilution (THD) 
stroke volume (SV) measurements. The linear regression equation 
shown closely approximates that of the line of identity, and the standard 
error of estimate is small. Closed circles represent stroke volume data 
at rest; open circles represent stroke volume data during isoproterenol 
infusion. 


in Table II. Angiographic left ventricular end-diastolic 
volumes ranged from 70 to 219 ml and scintigraphic 
end-diastolic volumes from 52 to 228 ml. Left ventric- 
ular end-systolic volumes ranged from 22 to 122 ml by 
angiography and from 17 to 159 ml by scingraphy. There 
was a good correlation between angiographic and scin- 
tigraphic measurements of left ventricular volumes (Fig. 
4 A and B), both at end-diastole (scan volume = 0.78 
angiographic volume + 26 ml, n = 15, r = 0.86, SEE = 
12.7 ml) and end-systole (scan volume = 0.57 angio- 
graphic volume + 18 ml, n = 15, r = 0.73, SEE = 7.2 ml). 
The correlation for end-diastolic and end-systolic vol- 
umes grouped together was: Scan volume = 0.90 angi- 
ographic volume + 7 ml; n = 30, r = 0.91, SEE = 10 
ml. 


Discussion 


Advantages of scintigraphic quantitation of left 
ventricular volumes and cardiac output: This study 
demonstrates that equilibrium gated blood pool imaging 
can be used to quantitate left ventricular output and 
stroke volume in patients with various cardiovascular 
disorders. Scintigraphic stroke volume and cardiac 
output were calculated using a technique recently de- 
veloped in our laboratory,'? and similar techniques have 
been developed independently by others.?-^ The 
quantitation of left ventricular volumes and output with 
gated blood pool scintigraphy offers several advantages 
over similar measurements made with traditional an- 
giographic techniques. (1) Gated blood pool scintigra- 
phy is not accompanied by the risks of cardiac cathe- 
terization or contrast ventriculography. (2) Repeated 
determinations can be made at rest and during exercise 
or with various pharmacologic interventions, or 
both.?1? (3) Gated blood pool scintigraphy does not 


A 240 
200 
160 
120 


80 


LVEDV (ml) by Scan 


40 





160 200 240 
LVEDV (ml) by Angiogram 


40 80 120 


* COTES Tg rey kde media sad 





SCINTIGRAPHIC CARDIAC OUTPUT-—DEHMER ET A 





TABLE Il 
Scintigraphic and Angiographic Measurements 





Left Ventricular Left Ventricular 





End-Diastolic End-Systolic 
Volume (ml) Volume (ml) 
Angio- Scinti- Angio- Scinti- 
Case* graphic graphic graphic graphic - 
tt 163 225 97 134 
2 154 108 64 48 
3 128 133 35 51 
4t 149 200 115 159 
5T 203 228 122 157 
6 87 82 24 28 
8 80 116 27 35 
9 105 109 22 35 
10 103 115 48 40 
11 101 109 34 42 
12 103 132 29 55 
13 70 52 29 17 
14t 93 130 25 53 
15 219 206 89 86 
16 176 158 77 51 
17 136 142 55 45 
18 101 90 50 40 
19 136 141 60 59 
21 116 109 44 34 





* Patients 7 and 20 were excluded because the ventriculograms were 
not interpretable because of ventricular arrhythmia. t These patients 
had severe left ventricular wall motion abnormalities and were excluded 
from the scintigraphic-angiographic correlation. 


alter ventricular function or hemodynamics. (4) Scin-- 
tigraphic volumes are determined by a technique in- 
dependent of geometric assumptions and, as a result, 
errors in measurement due to a distorted ventricular. 
configuration are avoided. | 
The cardiac output determined by gated blood pool 
scintigraphy is the total left ventricular output, which | 
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FIGURE 4. Relation between scintigraphic and angiographic left ventricular end-diastolic volumes (LVEDV) (A) and end-systolic volumes (LVESV) | 
(B). Closed circles represent values in the 15 patients with a satisfactory ventriculogram used for the correlation; open circles represent the values - 
for the 4 patients exluded because of a severely distorted left ventricular configuration. For all 19 patients, end-diastolic scintigraphic volume = 
0.98 end-diastolic angiographic volume + 11 ml (r = 0.84); and end-systolic scintigraphic volume = 1.19 end-systolic angiographic volume — 
4 ml (r = 0.89). For the 15 patients with an undistorted ventricular configuration, end-diastolic scintigraphic volume = 0.78 end-diastolic angiographic 
volume + 26 ml (r = 0.86); and end-systolic scintigraphic volume = 0.57 end-systolic angiographic volume + 18 ml (r = 0.73). When end-diastolic 
and end-systolic volumes are combined in the 15 patients without distortion of ventricular shape, scintigraphic volume = 0.90 angiographic volume 


+ 7 ml (n = 30, SEE = 10 ml, r = 0.91). 
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: 
equals forward output in the absence of an intracardiac 
shunt or valve regurgitation. In this study, all patients 
were carefully evaluated to exclude these conditions. 
A though no measurements were made during dynamic 
exercise, isoproterenol infusions were used to increase 
cardiac output to values often attained by patients 
during exercise, thus allowing evaluation of the scin- 
tigraphic method over a wide range of values for cardiac 
output and stroke volume. Even when cardiac output 
was increased to more than 13 liters/min, the relation 
between scintigraphic and thermodilution measure- 
ments was excellent (Fig. 2). Others?* have validated the 
ability of scintigraphy to measure relative changes in 
cardiac output and stroke volume during exercise, but 
absolute measurement of these variables by gated blood 
pool imaging has not been reported. In addition, oth- 
ers? have documented the reproducibility of these 
volume measurements over time. 
— Correlation with thermodilution and angio- 
zraphic techniques: The present method of calculat- 
ing scintigraphic volumes uses a different background 
subtraction technique from the one originally de- 
scribed.! This new method? requires minimal operator 
ntervention, allowing background activity to be de- 
uer automatically by computer. In the present 
study the regression equation obtained using the new 
method of background subtraction was applied to the 
scintigraphic estimation of left ventricular volumes; 
subsequently, these scintigraphic estimates of cardiac 
output and stroke volume were compared with ther- 




















modilution estimates obtained simultaneously. The 
linear regression equation relating cardiac output and 
stroke volume measured by these two methods closely 
approximates that of the line of identity (Fig. 2 and 3), 
further substantiating the use of the previously defined 
linear regression equation? to correct for chest wall at- 
tenuation and demonstrating that left ventricular 
output and stroke volume can be measured accurately 
with scintigraphy. In addition, although the scinti- 
graphic technique has been modified slightly, there 
continues to be a good correlation between angiographic 
and scintigraphic measurements of left ventricular 
end-diastolic and end-systolic volumes (Table II and 
Fig. 4). 

Implications: This study demonstrates an excellent 
correlation between scintigraphic and thermodilution 
measurements of cardiac output and stroke volume in 
patients without intracardiac shunts or valve regurgi- 
tation. These data further validate the scintigraphic 
technique of left ventricular volume determination. In 
addition, they suggest that the scintigraphic measure- 
ments of left ventricular volumes can be performed re- 
liably even at high levels of cardiac output. 
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Analysis was made of the variables of heart size, body position and 
transducer angle affecting the reproducibility of left ventricular internal 
dimensions as measured with M mode echocardiography. Echocardio- 
grams were recorded in 24 subjects as the thorax was incrementally ro- 
tated and tilted. Transducer angle was noted from a three plane level 
attached to the probe. Constants were the technician, transducer 
placement and the interpreter. Heart rates varied insignificantly; respi- 
rations were held. Groups A and B were defined by their initial left ven- 
tricular internal dimensions at end-diastole (LVID,): 49 + 5.9 and 73 + 
8.6 mm (group mean + standard deviation). With body position constant 
the measurement error between duplicate recordings of LVIDy was +1.2 
mm (coefficient of variation — 1.8 percent) in Group A and +4.5 mm 
(coefficient of variation — 4.6 percent) in Group B (p <0.001). Transducer 
angle varied 12° between duplicate recordings in both groups. As the 
position of the thorax changed, the transducer followed, maintaining ap- 
proximately the same incline with the chest wall. In both groups errors 
for combined LVID, recorded with rotation and tilt, respectively, were 
unchanged from the duplication error. Thus, when the Spatial orientation 
between the transducer and heart is held constant, it is the size of the heart 
that determines the reproducibility of the measurement of left ventricular 
internal dimensions. 


The application of M mode echocardiography to longitudinal and 
cross-sectional studies of cardiac function is dependent on the repro- 
ducibility of the method. With wider application to quantitative studies, 
the variables affecting reproducibility demand attention. In response, 
several investigators have examined sources of variability falling into 
three broad categories: technical,!-9 interpretive2:+7-9 and physiolog- 
ic.10-11 In this study we examined the technical variables of heart size, 
body position and transducer angulation. 


Methods 


Echocardiography: We studied a group of 24 men; 12 were patients with 
heart disease and 12 were healthy volunteers. The criteria for selection were good 
quality left ventricular endocardial echoes and sinus rhythm. The subjects lay 
on a radiologic table top equipped with a cradle that variably rotated and tilted. 
M mode echocardiograms were recorded using 2.25 megahertz transducers and 
Irex Continutrace or Irex System II photographic recording systems at a paper 
speed of 50 mm/s. The transducer was placed in the third or fourth intercostal 
space between 2.5 and 6.0 cm left of the middle of the sternum and was held 
approximately perpendicular to the anterior chest wall. Respiration was held 
at normal end-exhalation during recordings. 

A control echogram of left ventricular internal dimensions was taken after 
the tilt and rotation of the cradle were adjusted to give acceptable signals and 
maintain the perpendicular attitude of the transducer. 
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Keeping the tilt constant, the cradle was rotated at 10? in- 
crements into left lateral and tracings were repeated at each 
increment. On return to the control rotational angle, tilt was 

» increased at 3? to 5? increments and echograms were recorded. 
'The maximal tilt and rotation used for each subject were de- 
termined by the feasibility of recording satisfactory signals 
without angulating the probe on the chest wall. T'he maximal 
degree of left lateral rotation used in the entire group was 50°; 
the maximal tilt was 18?. With return of the table to the 
original tilt and rotation, a second control echogram was re- 
corded. 

'The transducer location on the chest was held constant and 
the nearly perpendicular orientation of the probe with the 
front of the chest was maintained for each recording. The 
angle or incline of the transducer relative to gravity was 
monitored from a device (inclinometer) consisting of three 
circular levels mounted at right angles to each other and at- 
tached to the shaft of the transducer.!? 

Measurements: The tracings were coded and interpreted 
without knowledge of the recording sequence. Left ventricular 
internal dimensions at end-diastole (LVIDg) and at end- 


systole (LVID,) were read by one of us (P.M.S.). The mea-. 


surements were taken at the level of the chordae tendineae 
and were read from the posterior endocardium of the inter- 
ventricular septum to the leading edge of the endocardium at 
the posterior wall. The LVIDg was measured at the onset of 
the QRS complex and LVID, at the point of maximal anterior 
excursion of the posterior wall endocardium (Fig. 1). Several 
cycles were examined with calipers and the dimensions of an 
average cycle were measured to the nearest millimeter with 
a rule and were converted to absolute units by multiplying by 
the calibration factor. Thus, the value for left ventricular in- 
ternal dimension is expressed to the nearest 0.1 mm. Heart 
rate was calculated from an averaged electrocardiographic 
R-R interval of the same cardiac cycles. 

Analysis of data: The effect of body position on repro- 
ducibility was examined by relating variability in left ven- 
tricular internal dimension to change in subject position. 
Regression lines and correlation coefficients were calculated 
for differences in left ventricular internal dimension at each 
table position compared with the internal dimension at initial 
control position and degrees of rotation and tilt of the 
table. 

The effect of heart size on reproducibility was analyzed by 
separating the subjects into two groups according to the values 
for initial left ventricular internal dimension. Means and 
standard deviations were calculated for the duplicate values 
for internal dimension measured in the control position, for 
combined values for internal dimension obtained from ro- 
tating and for combined values for internal dimension ob- 
tained from tilting. | 

For each group in each body position category, pooled 
variances were calculated from the sum of the squares of in- 
dividual standard deviations divided by the number of 
subjects. Measurements of experimental errors were calcu- 
lated from the square roots of pooled variances. The data were 
compared using the variance ratio test where F equals the ratio 
of the larger pooled variance to the smaller pooled variance. 
Probabilities were determined from the F distribution. 
Variability is also expressed in the text as coefficient of vari- 
ation calculated as percent of standard deviation to the 
mean.!? 


Results 
Of a total of 236 tracings from the 24 subjects, we 


considered 191 (81 percent) satisfactory for interpre- 
tation by well defined endocardial signals. Tracings that 
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FIGURE 1. Study of left ventricular internal dimensions recorded at the 
level of the chordae tendineae. LV = left ventricular cavity; LVID4 and. 
LVID, = left ventricular internal dimension at end-diastole and end- 
systole, respectively; RV — right ventricular cavity. 


showed prominent mitral valve leaflets or papillary 
muscles were excluded. 

Body position: To assess the variability due to body 
position, the first control dimensions were compared 
with dimensions taken at each position in each subject. 
We found no correlation between progressive degrees 
of rotation and tilt and differences between left ven- 
tricular internal dimensions (r = 0.118 and 0.173). 
Therefore, these positional values for left ventricular 
internal dimension were combined for each subject in 
the remaining analyses. 

Heart size: Because the reproducibility in larger 
ventricles was apparently poorer than in normal hearts, 
we evaluated heart size as a variable by arranging the 
subjects according to their initial control value for left 
ventricular internal dimension at end-diastole (LVIDg) 
in ascending order and arbitrarily divided them into two 
groups (Table I). As separated, there was no overlap of 
any of the multiple measurements of left ventricular 
internal dimension between Groups A and B with the 
exception of a minimal LVIDg of 56 mm for Subject 2 
in Group B. The mean (initial) control LVIDg + stan- 
dard deviation was 49 + 5.9 mm for Group A and 73 + 
8.6 mm for Group B. The range of LVIDg recorded at 
varying body positions is given as minimal and maximal 
values (Table I). For each subject the duplicate mea- 
surements of left ventricular internal dimension re- 
corded at the control position and combined measure- 
ments taken at various degrees of rotation and tilt were 
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. mension at end-diastole and end-systole did not differ, 
_ only the value at end-diastole is considered in the ta- 
- bles. 
3 Reproducibility between duplicate measurements 
- recorded from a constant (control) table position was 
- significantly better in Group A than in Group B. Mea- 
- surement error for smaller hearts was +1.2 mm (coef- 
-. ficient of variation = 1.8 percent) compared with +4.5 
mm (coefficient of variation = 4.6 percent) for larger 
_hearts, a difference with a probability (p) value of 
- «0.001. By contrast, intra group means for LVID, re- 
- corded at the control position and at different rotations 
- and tilt were virtually identical. Therefore, variances 
between groups were all significantly different, indi- 
cating that heart size is the influential variable. Figure 
2 depicts echocardiograms from Subject 11 in Group A 
(left) and Subject 8 in Group B (right) and exemplifies 
the wider variance seen in the larger heart. The vari- 
ability illustrated is due to different locations of the 


> 


TABLE | 
Control Measurements of Left Ventricular Internal 


Dimension at End-Diastole (LVID4) and Effect of 
- Rotation and Tilt 





Rotation and 





Control (mm) Tilt (mm) 
. Subject Diagnosis Initial Final SD Min Max 
i Group A* 
1 Normal 40.9 416 +405 39.4 45.1 
2 Normal 42.3 42.2 -r0.1 423 428 
3 Normal 43.2 47.3 429 448 . 48.1 
4 CABG 44.0 42.0 41.4 42.0 46.0 
E 5 CAD 45.7 47.7 +1.4 440 48.1 
f 6 Normal 46.6 45.1 +1.0 437 48.5 
E 7 Chest Pain 50.5 50.7 +0.1 50.0 52.2 
E a8 Pericarditis 508 515. 068 5119 53.1 
E 9 Normal 52.4 524 +0.0 447 53.1 
E 10 Abnormal ECG 544 — | — _ 53.2 54.4 
E 11 MVP 57.5 57.5 +0.0 55.0 57.5 
ER 12 CABG 57.8 56.2 +1.1 53.6 57.8 
Mean 49 
E +SD 5.9 
4 Group B* 
E- 1 CCM 59.3 60.5 +08 60.5 61.6 
E 2 CAD 6208 v, — 56.0 60.0 
me 3 CCM 67.0 69.0 +414 615 73.5 
E. 4 CAD-CHF 68.8 63.3 +3.9 622 65.5 
E 5 CAD 72.5 698 +19 63.8 72.5 
BE. 6 CCM 73.3 73.3 +0.0 67.7 75.4 
E 7 AR 73.8 775 +26 763 83.8 
p 8 AR 73.8 826 462 763 863 
E. 9 MR 75.0." 61.3 +9.7 613 72.5 
E 10 CCM 75.0 83.8 +6.2 77.5 85.0 
E 11 AR-AVR 77.4 746 +0.7 737 75.5 
12 CCM 93.8 . 87.5 +45 925 963 
Mean 73 
+ SD 8.6 





* Groups A and B are separated arbitrarily according to initial control 
LVIDg. 

AR = aortic regurgitation; AVR = aortic valve replacement; CABG 
= coronary arterial bypass graft; CAD = coronary artery disease; CCM 
= congestive cardiomyopathy; CHF = congestive heart failure; ECG 
= electrocardiogram; Max = maximum; Min = minimum; MVP = mitral 
valve prolapse; SD = standard deviation. 


septum recorded with the table at 4° tilt and 40° rota- 
tion, and 4° tilt and 30° rotation at separate recordings. 
Thus, despite a constant transducer placement on the 
chest and despite a similar incline between the chest and 
probe (discussed next), the ultrasonic beam transects 
varying internal dimensions or chords of the left ven- 
tricle. 

Transducer angulation: To determine the effect of 
transducer angulation on variability of left ventricular 
internal dimensions we plotted the incline of the 
transducer at each recording. The incline is registered 
by the position of a bubble in each of three circular 
levels attached to the transducer (Fig. 3). One of the 
levels is mounted perpendicular to the shaft of the probe 
and, therefore, lies in a plane parallel to the anterior 
chest wall when the transducer is held perpendicular to 
the chest wall. Since this level tracks the frontal plane 
of the thorax, it monitors both rotation and tilt of the 
body. 

In Figure 4 the face of the frontal plane level is de- 
picted with the course of the bubble plotted for Subject 
11 from Group A (left) and Subject 8 from Group B 
(right). The bubble positions were registered during 
progressive rotation and during progressive tilt. The 
incline of the table at each change was predicted from 
a calibration made between the table and inclinometer. 
Deviation of the bubble from the position predicted by 
the incline of the table becomes a measure of the an- 
gulation of the transducer on the chest wall. The plots 
are representative of the experience of this study; that 
is, once the transducer angle was found for the control 
recording, the transducer followed the incline of the 
table with each incremental change in tilt and rotation. 
This is especially evident in the plots from Subject 11 
in Group A in which the course of the transducer is 
nearly identical to that of the table. 

The relation between transducer angulation and 
intrastudy variability was examined in the duplicate 
control recordings. The mean difference between 
transducer angles from the first to the second control 
recording was 12.0 + 7.1° for Group A and 12.3 + 5.4° 
for Group B. The difference for most subjects was in- 
significant because the inclinometer is read to the 
nearest 15°. Thus, with body position constant, varia- 
tion in transducer angulation was the same and minimal 


TABLE Il 


Summary of Data on Left Ventricular Internal Dimension at 
End-Diastole 








Control Rotation Tilt 

Group A 

Mean + SD (mm) 48.7+56 48.8 +54 491052 

Pooled variance (mm) 1.40 3.26 1.74 

Measurement error (mm) +1.2 +1.8 1:3 
Group B 

Mean + SD (mm) 72.8487 7349.8 72649.4 

Pooled variance (mm) 20.00 11.98 15.53 

Measurement error (mm) +4.5 +3.5 +3.9 

vs 

F (s?g/s?4) 14.17 3.82 10.15 

p <0.001 <0.05 <0.001 
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FIGURE 2. Left, echocardiograms from Subject 11 in Group A. Tracings were recorded from three body positions: 4° tilt with 0° rotation (4/0), i 
4° tilt with 20° rotation (4/20) and 10° tilt with 0° rotation (10/0). Control LVID = 57.5 mm; standard deviation for all LVID, values +1.0 mm. Right, j 
echocardiograms from Subject 8 in Group B. Tracings were recorded from three body positions: 4? tilt with 30? rotation (4/30) (two controls) and i 

À 


4? tilt with 40° rotation (4/40). Control LVIDy = 73.8 + 6.2 mm; standard deviation for all LVIDg values + 5.8 mm. 


in both groups, but was associated with different powers 
of reproducibility. 


Discussion 


Variables affecting reproducibility of echocar- 
diographic measurements: The usefulness of echo- 
cardiography to test cardiac function in cross-sectional 
and longitudinal studies depends on the reproducibility 
of measuring left ventricular dimensions. The variables 
for the measurement are numerous. Those incurred at 
the time of the recording are technician variability, 
body position, transducer placement,® transducer 
angulation,! heart rate!Ü and respirations.!! Those 
variables incurred at the time of reading are both in- 
traobserver?*7? and interobserver?:48? in origin. This 
study examined technical variabilities that define the 
spatial orientation between the transducing probe and 
heart. 

Feigenbaum!^ recommended standardizing the 
measurement of left ventricular internal dimensions by 
using the intercostal space that sampled the mitral valve 
with the transducer directed almost perpendicular to 
the chest surface. Popp et al. systematically varied the 
intercostal space and found that the difference between 
duplicate measurements of left ventricular internal 
dimensions decreased from a mean of 4.3 to 1.5 mm 
when the transducer location remained constant. Ste- 
fadouros and Canedo! found that different transducer 
angles from the same intercostal space introduced 
variations in left ventricular internal dimensions. Using 
an orthogonal reference system to reproduce transducer 
incline reduced differences between two measurements 
recorded at different studies from 4.0 to 1.5 mm. Dif- 
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ferences between tracings taken at the same study were 
smaller with than without use of the reference system 
(1.6 versus 2.5 mm) but not statistically different. 

Phasic changes in left ventricular internal dimensions 
induced by respiration were noted by Feigenbaum!^ and 
quantitated by Brenner and Waugh!! to be —6 percent 





FIGURE 3. The inclinometer is shown mounted to the M mode trans- - 
ducer. The frontal plane level is oriented perpendicular to the shaft of - 
the probe. (Reproduced from Wong and Shah"? with permission from - 
Catheterization and Cardiovascular Diagnosis, Alan R. Liss, Inc.) 
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FIGURE 4. Left, transducer angulations and table positions registered during the study on Subject 11 in Group A are plotted on the face of the frontal 


plane level. The solid circles are positions registered during progressive rotation; the solid triangles, those registered during progressive tilt. The 
open figures represent the incline of the cradle during rotation and tilt. Superimposed figures are at the control position of 4° tilt and 0° rotation. 
tight, transducer angulations and table positions registered during the study on Subject 8 in Group B. The control position is 4? tilt with 30? of rotation. 
The transducer angulations relative to gravity did not change as the table was rotated from 30? to 40?. The transducer inclines registered during 


the second control recordings are not plotted for either subject. 
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t the peak of inspiration. Variations produced by 
hanges in heart rate were examined in normal subjects 
by DeMaria et al.!? Using right atrial pacing to vary the 
heart rate from 70 to 150 beats/min produced a linear 
regression of a 2.7 percent decrease in left ventricular 
internal dimensions for every increase of 10 beats/min 
in heart rate. 
E Predominant role of heart size: The results of the 
| aa study show for the first time that the size of the 
left ventricle itself determines the reproducibility of its 
measurement by M mode echocardiography. For en- 
arged left ventricles, the contribution of size to vari- 
ability was considerable. We found the error between 
duplicate measurements of LVID, in enlarged left 
ventricles to be nearly four times the error in normal- 
sized hearts in absolute units (+4.5 compared with +1.2 
mm). The error expressed as the coefficient of variation 
was 4.6 percent compared with 1.8 percent. For both 
Groups A and B, recording variables (technician, body 
position, transducer placement and respiration) were 
constant. Heart rate actually changed more in the group 
with a smaller heart (a mean of 4.8 beats/min without 
regard to sign), a difference that had no effect on left 
ventricular internal dimensions.!? The variability of 1.2 
mm in normal-sized hearts compares with the repro- 
ducibility reported by several groups! *® who studied 
either normal populations or subjects with a normal 
average LVIDg. Variability of 1 to 2 mm is also equiv- 
alent to reported intraobserver error of reading the same 
echocardiogram twice?^?? and approaches the resolu- 
tion of the technique. ` 
Transducer angulation: With the use of an incli- 
nometer we monitored the incline of the transducer to 
gauge the effect of angulation on reproducibility of left 
ventricular internal dimensions. We found that if other 
recording variables are controlled, there is a 20° toler- 
ance for transducer angulation in reproducing left 
ventricular internal dimensions in smaller ventricles. 
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However, the same 20? difference between recordings 
of large hearts resulted in a poorer reproducibility. 

Role of body position: The data from the tilt and 
rotation study show that the reproducibility established 
by measurements taken with body position constant can 
be repeated from different body positions. Once the 
ultrasonic beam located the left ventricular internal 
dimension, the transducer followed the tilt and rotation 
of the table. T'herefore, changing body position does not 
introduce variability in the measurement of left ven- 
tricular internal dimensions, provided that the spatial 
orientation between the thorax (heart) and transducer 
remains constant. 

Several laboratories have examined the effects of 
varying body position on left ventricular internal di- 
mension measurements in normal adults. Martin and 
Fieller? reported a significant positional variance and 
Valdez et al.* found none with the measurement of left 
ventricular internal dimensions, but recorded signifi- 
cant positional differences in right ventricular and left 
atrial dimensions. In a study of variability, Felner et al.? 
also showed positional variance in right ventricular in- 
ternal dimensions at end-diastole. Although subject 
position did not influence left ventricular internal di- 
mensions in their normal subjects, they commented that 
the finding did not necessarily extend to subjects with 
a larger heart. Katz et al.? studied left ventricular per- 
formance in women during pregnancy and recorded 
echocardiograms with the subjects in both lateral and 
supine positions. À comparison of left ventricular in- 
ternal dimension showed no significant difference. The 
angulation of the transducer was not monitored in any 
of these investigations. These varying reports suggest 
that body position can become a variable if the align- 
ment of the transducer with the target shifts. 

Does the geometry of the large left ventricle in- 
troduce variability and limit reproducibility? We 
think that with even small changes in transducer incline, 
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other internal dimensions, both shorter and longer than 
the true left ventricular internal dimension, are sampled 
in the large heart. Figure 5 consists of four displays of 
the B mode grid and field of the Varian phased array 
system. The M mode cursor has been superimposed in 
the center and 15? to the right and left of center. The 
pivot point anteriorly at the top simulates the trans- 
ducer located on the chest. Images of the left ventricle 
taken from stop frame photographs of a normal-sized 
(A) and enlarged heart (B) in long axis and short axis 
views have been drawn on the displays. The figures il- 
lustrate the feasibility of recording more than one ac- 
ceptable pair of end-diastolic and end-systolic echoes 
from the septal and posterior wall endocardium of the 
dilated chamber. 'The increased radius and reduced 
percent fractional change in left ventricular internal 
dimension make it possible for endocardial interfaces 
from other than the true internal dimension to lie close 
to a plane perpendicular to the ultrasonic beam and, 
therefore, satisfactorily reflectant to produce inter- 
pretable echoes. 

In contrast, in the smaller ventricle with the pro- 
portionately and absolutely greater change in radius, 
only the longest dimensions in the middle of the 
chamber (with an angle of incidence close to 90? with 
the ultrasonic beam) would reflect satisfactory signals 
during end-diastole and end-systole. As illustrated in 


FIGURE 5. Stop frame images from a normal-sized (A) 
and enlarged (B) left ventricle reproduced on the Varian 
B-mode display. Long axis (top) and short axis (bottom) 
views, the latter between the mitral valve and papillary 
muscle, are depicted at end-diastole. The M mode cursor 
is superimposed at the center and 15? to the left and right. 
The pivot point of the cursor approximates the level of 
the transducer on the chest. PW — posterior wall of the 
left ventricle; PM — papillary muscle; SEP — septum. 
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REPRODUCIBILITY OF M MODE ECHOCARDIOGRAMS— WONG ET AL. 
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the long axis views, the shorter segment between the tips 
of the mitral valve leaflets and papillary muscles also 
confines the echo window to a limited number of pos- 
sible dimensions in the smaller heart. Furthermore, 
compared with the normal heart the larger left ventricle 
is usually displaced posteriorly and at a greater distance 
from the transducer. Thus, the same variation in 
transducer angle subtends a wider arc and more possible 
left ventricular internal dimensions in the dilated left 
ventricle. : 

The greater distance from the transducer imposes an 
additional technical error. Because there is random 
error in the transmission velocity of ultrasound through 
a nonhomogeneous medium, random error in distance 
measurement varies directly with the distance mea- 
sured.!^ | 

Reliability of echocardiographic dimensions in 
the dilated heart: Abdulla et al.!6 recently concluded 
that the geometry of the left ventricle dilated by aortic 
regurgitation compromised the reliability of single 
echocardiographic measurements of chamber dimen- 
sions. Left ventricular internal dimension was compared 
with single and biplane estimates of left ventricular 
volume. Although the correlation was moderately high 
(r = 0.80), the standard error of the estimate (SEE) was 
large (+60 ml). They postulated that the elongated 
ventricle widens the window between the papillary 
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muscle and mitral valve leaflets and increases the pos- 
ibility for recording different left ventricular internal 
Ever leading to the dispersion of the dimen- 
sion-volume relation. 
`. We arrived at similar explanations for errors en- 
countered using quantitative ultrasound to study di- 
lated hearts. However, we think that our experience and 
that of others indicate that the variance associated with 
cardiomegaly does not preclude useful application of the 
technique to cross-sectional and longitudinal studies. 
Two laboratories have measured significant surgical 
alterations of left ventricular dimensions increased by 
valve regurgitation. Gaasch et al.!7 reported a decrease 
in the group mean (+SD) LVIDg of 69 + 5.2 to 55 + 6.6 
m after aortic valve replacement. Schuler et al.18 de- 
cribed a mean change of 64 + 10 to 54 + 14 mm after 
| mitral valve insertion. In these studies the changes were 
significant (p <0.01) and were achieved by large changes 
and sufficient numbers of patients. 
= With rigid standardization of technique, Martin and 
ieller? measured variability of left ventricular internal 
dimensions in five normal subjects every few minutes, 
iours and weekly during control periods for drug 
tudies. Reproducibility decreased with increasing time 
interval, but even with weekly intervals the standard 
deviation for the group mean LVIDg was only +1.7 mm 
or a coefficient of variation of 3.4 percent. Interventions 
producing mean changes in left ventricular internal 
dimensions as small as 4 mm were significant (p 
<0.001). Sensitivity could be improved fourfold by 
doubling the number of subjects or by increasing the 
p of measurements at each interval. What mag- 
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nitude of improvement can be achieved with large 
hearts has yet to be studied. 

Implications: We examined the effects of heart size, 
body position and transducer angulation on the repro- 
ducibility of left ventricular dimensions. The experience 
showed that when the spatial orientation between the 
transducer and heart was held constant, the size of the 
heart determined the variability. The normal left ven- 
tricular internal dimension was reproduced with an 
error of +1 mm by virtue of a narrow echocardiographic 
window. For the dilated ventricle, the geometry of the 
longer diameter and greater displacement from the 
transducer increased the error to +4 mm. In a study that 
supports our data, Clark et al.!? recently analyzed re- 
producibility in a group of subjects with a mean (+ 
standard error of the mean) value for left ventricular 
internal dimension of 66 + 2 mm (range 48 to 88 mm), 
dimensions falling between those of our Groups A and 
B. Measurement variability for further readings of the 
same or different tracings was +1.8 mm or a coefficient 
of variation of 2.8 percent, values falling between our 
measurement errors for duplicate tracings in the two 
groups. 

'The significance of these results applies to the design 
of clinical studies using the echocardiographic tech- 
nique. For cross-sectional studies, control and experi- 
mental groups should be homogeneous and preferably 
matched for heart size so that measurement errors are 
comparable. For longitudinal studies encompassing an 
expected change in heart size, variance should be cal- 
culated with each serial observation for a more sensitive 
statistical assessment. 
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The results and reproducibility of arm and leg exercise tests were com- 
pared in 11 men with angina pectoris induced by both forms of testing. 
Leg testing was performed using a bicycle ergometer; arm testing was 
performed using the same apparatus modified to permit arm cranking. 
Subjects performed 2 days of arm and 2 days of leg testing over a 2 wow 
period. Four tests were performed on each test day. The duration of ex- 
ercise, oxygen uptake, heart rate, systolic and diastolic blood pressures 
and the rate-pressure product were determined at the onset of angina. 
Within day and between day coefficients of variation were low and similar 
for arm and leg tests, indicating that both forms of testing are highly re- 
producible. Performing four tests on a single day did little to reduce 
variability. Oxygen uptake increased between the first and second arm 
or leg test on a single day, but there was little change after the second 
test. Repetition of the arm and leg tests did not affect performance over 
the study period. | 

It is concluded that the reproducibility of arm exercise testing in men 
with angina pectoris is comparable with that of leg exercise. Subjects with 
angina induced by arm exercise who cannot perform leg testing can be 
evaluated and followed up with arm exercise tests. 


vee 


The efficacy of therapeutic interventions in patients with angina pectoris 
is routinely evaluated with exercise stress testing. Such evaluations mus: 
be done with consideration for the reproducibility of the exercise pro 
tocol. The reproducibility of leg exercise tests in patients with anginé 
has been studied,!~° but there is little information on the reproducibility 
of arm exercise tests despite recommendations that exercise laboratorie: 
be capable of such testing.9 Consequently, in this study we examinec 
the reproducibility of arm exercise testing and compared the results witl 
those of leg exercise testing. To make the results more useful to clinicians 
following up patients with angina, we determined the magnitude o 
change in arm or leg exercise performance likely to distinguish a trut 
difference in exercise capacity from spontaneous variation. 


Methods 


Patients: Eleven men (mean age 58, range 48 to 64 years) with angina pectoris 
induced by both arm and leg exercise testing agreed to participate. The 11 
subjects were selected from 22 patients who had a history compatible with angina 
and had undergone treadmill testing at our institution. The 11 subjects excluded 
from participation included 3 who did not have angina on bicycle testing and 
8 who did not have angina during arm exercise. The duration of angina in the 
study subjects ranged from 3 months to 8 years and no patient had experienced 
any variation of symptoms in the last 3 months. Three study subjects had had 
a myocardial infarction 6 to 8 years before the testing and one of these three had 
undergone coronary bypass surgery 6 years before testing. Five study subjects 
used long-acting nitrates in addition to sublingual nitroglycerin as treatment 
for angina. No subject was treated with beta receptor blocking agents during the 
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Jesting period; three were currently cigarette smokers. No sub: 
ject altered medication dosage or cigarette use during the study. 
_ Exercise protocol: Preliminary arm and leg exercise tests 
were performed on separate days to design an exercise pro- 
tocol for each subject.* In the first preliminary arm or leg test, 


the 3 minute workloads began at 100 kilopond-meters ` 


(kpm)/min, increased to 150 kpm/min and subsequently in- 
c eased by 100 kpm/min increments. Subjects exercised in the 
upright position on an electrically braked ergometer (Warren 
E . Collins, Inc, Braintree, Massachusetts). For arm exercise, 
the ergometer pedals were replaced by handles and the er- 
g gometer was mounted on an adjustable column. Subjects sat 
in a chair during arm exercise and the height of the ergometer 
as adjusted so that the peak elevation of the handles was 
: level with the acromial process. After the first arm or leg test, 
in individual exercise protocol was chosen and tested so that 
ngina would occur within 3 to 6 minutes of exercise. 

ÉExercise testing: The formal exercise tests were performed 
us ising the predetermined exercise protocols on 4 separate days 

within a 2 week period. The subjects came to the laboratory 
at the same time of day, 4 hours after their last intake of food, 
cigarettes or medication. The subjects rested in the supine 
position for 10 minutes. They then performed either four arm 
or four leg exercise tests separated by 10 minutes of seated 
rest. They completed eight arm exercise tests with tests 1 to 
4 4 performed on 1 day and tests 5 to 8 on another day; eight leg 
€ xercise tests were performed in a similar manner. The se- 
quence of exercise testing days was either arm, leg, leg, arm 
or the inverse. The subjects signaled the onset of angina, but 
continued exercising until heart rate and blood pressure could 
be recorded. During arm exercise, blood pressure was mea- 
ured while the subject continued cranking with the right arm 

d heart rate was recorded just before the blood pressure 
m B urement: The electrocardiogram was monitored con- 
tinuously using a CMs; bipolar lead. Oxygen uptake was 
m easured during exercise using a pneumotach (Hewlett- 

Packard, Santa Clara, California), S-3A oxygen analyzer 
(A .pplied Electrochemistry, Sunnyvale, California) and a 
s Sp inner-bag sampling system.? 

. Care was taken to ensure that the seat height of the exercise 
apparatus and the subject's distance from the arm crank were 
identical for each leg and arm exercise test, respectively. The 
same observer performed all blood pressure measurements 
d luring the study. The cycling or cranking rate was kept con- 
stant at 60 revolutions/min. All measurement devices were 
positioned so that subjects could not observe work load, time 
or heart rate during exercise. Laboratory personnel refrained 
from providing feedback during the tests and subjects were 
repeatedly cautioned to signal the onset of angina. 

. Measurements: The following variables were measured 
at, or as soon as possible after, the onset of angina: exercise 
duration, peak oxygen uptake, exercise work load, heart rate 
nd systolic and diastolic blood pressures. Myocardial oxygen 
d demand was estimated as the product of heart rate and sys- 
tolic blood pressure.’ S- T segment deviation was not examined 
a s an indication of ischemia because the electrocardiographic 
t racing could not be adequately interpreted during arm ex- 
ercise. S- T depression of at least 1 mv 80 ms after the J point 
was consistently recorded at*the end of leg exercise in nine 
subjects Of the other two subjects, one did not show S-T 
segment deviation at angina and one had a right bundle 
branch block pattern in the tracing at rest. Because the elec- 
trocardiogram was not recorded continuously during exercise, 
the onset of ischemia was not analyzed as a continuous vari- 
able. 
Statistical methods: The minimal day to day and within 
day percent changes needed to identify a change in an exercise 






variable at the 95 percent confidence level were calculated 
using the day to day and within day variances of the arm and 
leg exercise protocols.!? Within day analysis was performed 
comparing the second test with subsequent tests because there 
were significant differences between the first and second tests 
(See Appendix). To compare our results with prior studies, 
coefficients of variation for the individual subjects were cal- 
culated for within day and between day results. Between day 
coefficients were calculated using tests 1 and 5 and within day 
coefficients using tests 2 and 3. Low values indicate good re- 
producibility. To determine if frequent repetition of exercise 
testing affected the test results, the differences between the 
second test on day 1 of arm or leg testing (test 2) and the 
fourth test on day 2 (test 8) were analyzed for significance 
using paired t tests. The first test of day 1 was not used be- 
cause prior analysis demonstrated improvement after the first 
arm and leg tests. Differences between the arm exercise and 
the leg exercise measurements were analyzed for significance 
using paired t tests. The average value from a subject's eight 
arm or leg tests was used in this calculation. 


Results 


Confidence limits for exercise tests performed on 
separate days are given in Table I. The percent values 
at the 95 percent level were similar for arm and leg 
testing, indicating that reproducibility levels of the two 
test protocols are comparable. There was little differ- 
ence in the confidence level values between a single test 
on 2 days and the average of four tests on 2 days. Con- 
sequently, multiple tests on the same day are not nec- 


essary when obtaining baseline and follow-up evalua- 
tions on patients with angina pectoris. 

There were differences in heart rate, oxygen uptake, 
and rate-pressure product between the first and second 
test performed on a single day (Table II). The differ- 
ences were small, however, and unlikely to be of clinical 
significance. Nevertheless, after the first test, there was 
little variation with either arm or leg exercise between 
the second and the subsequent two exercise tests on the 
same day (‘Table III). 

Within day and between day coefficients of variation 
were similar for both arm and leg exercise testing, con- 
firming that both test protocols are highly reproducible 
(Table IV). Frequent arm or leg exercise testing did not 
appear to affect arm or leg exercise performance because 
there was no significant difference in any exercise 
measurement between the second and the eighth test 
performed with each set of limbs. 

Heart rate, systolic and diastolic blood pressures, 
and the rate-pressure product at the onset of angina 
were higher during arm than during leg exercise (Table 
V). In contrast, work load and oxygen uptake at the 
onset of angina were higher during leg exercise. The 
peak work load was 49 percent higher during leg than 
during arm exercise but the oxygen uptake was only 15 
percent higher, suggesting that subjects are more me- 
chanically efficient during leg than during arm exer- 
cise. 


Discussion 


Reproducibility of results of arm versus leg ex- 
ercise: The mean percent variation for the arm exercise 
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test examined in this study is well within the range of 
variation previously reported for leg exercise.!:2 Fur- 
thermore, the minimal change needed to define a real 
between test difference was comparable for arm and leg 
testing. These results démonstrate that arm ergometry 
is as reproducible as leg ergometry for the evaluation of 
patients with angina. Subjects who have angina induced 
by arm exercise and who have vascular, skeletal or 
neuromuscular problems prohibiting leg exercise can 
therefore be evaluated and followed up with arm exer- 
cise testing. 

Other investigators* have described small changes in 
exercise performance after the first exercise test and 
have advised using the first test as a warm-up exercise 
to minimize subsequent test to test variation. We ob- 
served a similar warm-up phenomenon with a higher 
heart rate, rate-pressure product and oxygen uptake 
after the first arm test and a higher oxygen uptake after 
the first leg exercise test. All of these differences were 
small and unlikely to be of clinical significance. Nev- 
ertheless, it appears appropriate to use the first arm or 
leg exercise test as a warm-up exercise, especially when 
assessing the acute effect of a therapeutic intervention 
in a research setting. 


TABLE | 
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After the first test, there was little variation between 
the second and subsequent arm or leg exercise test$. * 
Consequently, several exercise tests could be used on - 
a single day to determine the onset and duration of an- 
acute therapeutic intervention without concern that the 


repeated testing itself might produce a change in per- 


formance. 


Evaluation of true change from random varia- 
tion: Although several studies have examined the re- 


producibility of exercise testing, few studies have de- 
termined the level of change necessary to separate a true 


change in exercise performance from random variation. 


This approach has been used with ventricular ar- 
rhythmias on Holter monitoring.!! The utility of this- 


approach i is that it provides the clinician with a tech- 


nique to evaluate the status of an individual patient. For 
example, if the time to angina during leg exercise in a 
patient decreased more than 37 percent between two 
tests on 2 days, the clinician would be 95 percent certain. 
that the patient's clinical status had deteriorated (Table 
I). Similarly, if the rate-pressure product during leg 
exercise decreased more than 13 percent, the clinician 
would be 95 percent certain that coronary blood supply 
had decreased. The absolute amount of change for any 


Initial Value and Observed Difference (mean + standard deviation) Plus the Percent Change Required (at the 95 percent 


confidence level) to Indicate a Change in Exercise Performance* 
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Single Test Four Tests 

Required Required 

Initial Observed Change Initial Observed Change 
Value Difference (%) Value Difference (%) 

Arm Exercise | 

Time (s) 259 E 37 —12 + 36 32 250 + 30 6 + 30 26 
Heart rate (beats/min) 124+ 19 —4 +9 15 128 + 19 —9 19 14 
Systolic pressure (mm Hg) 193 + 25 =t 13 14 193 + 22 1+ 10 10 
Rate-pressure product (X 10^?) 241+ 48 —8 +21 18 248 + 45 —b5 + 17 14 
Oxygen uptake (ml/min) 959 + 153 —19 t 94 21 1002 + 137 —99 + 75 17 


Leg Exercise 
rs EE a e Lace cf DU a ee eee 


Time (s) 253 + 38 8 + 42 
Heart rate (beats/min) 119+ 14 —2 4 

Systolic pressure (mm Hg) 179 + 14 3+ 10 
Rate pressure product (X 10^?) 213 + 30 —1+ 14 
Oxygen uptake (ml/min) 1108 + 222 19 + 48 


37 269 + 28 6 + 39 32 
7 121 + 15 ex ri 
12 178 + 16 227 8 
13 215 + 34 128 7 
9 1135 + 237 13 + 43 8 


* Values are given for a single test and for the average of four tests performed on 2 separate days. 


TABLE Il 


Exercise Response at Onset of Angina (mean + standard deviation) to the First and Second Arm or Leg Exercise Tests on 


A Single Day (n = 11). 
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Arm 
First 
Time (s) 253 + 37 
Heart rate (beats/min) 124 + 19 
Systolic pressure (mm Hg) 193 + 25 
Rate-pressure product (X 10^?) 241+ 48 
Oxygen uptake (ml/min) 959 i- 153 


7 Leg 
Second First Second 
247 + 34 253 + 38 270 + 25 
130 + 19! 119 + 14 121+ 14 
194+ 21 179+ 14 177 + 15 
252 + 44* 213 + 30 215 + 30 
1024 + 132! 1108 + 222 1144 + 219* 


*-T Probability (p) values: *p «0.05, tp «0.01. Levels of significance are based on two-tailed paired t tests. 
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TABLE m 


"initia Value on Second Exercise Test and Observed Difference (mean + standard deviation) Plus the Percent Change 
Required (at the 95 percent confidence level) to Indicate a Change in Exercise Performance Between Two Tests on 







f A Single Day 
a 2nd vs 3rd 2nd vs 4th 
Initial Observed Required Observed Required 
Value Difference Change Difference Change 
| p | Arm Exercise 
Time (s) 247 + 36 3 23 18 3233 28 
Heart rate (beats/min) 130 + 20 ~1+6 11 Isi 10 
Systolic pressure (mm Hg) 194+ 22 — 7 7 — 3 5 
. Rate-pressure product (X 10^?) 252 + 46 —4 t 14 14 —1+9 8 
1024 + 138 —8+ 41 8 =) baa 9 










Oxygen uptake (ml/min) 


. Time (s) 270 + 26 
Jeart rate (beats/min) 121 3: 15 

| Systolic pressure (mm Hg) 177+ 15 
Rate-pressure product (X 10^?) 215 + 32 
1144 + 231 





Oxygen uptake (ml/min) 


variable in a subject would depend on the value mea- 
sured on that subject’s initial exercise test. The 67 
percent confidence level can be obtained by dividing the 
P5 percent value by 2. The confidence level required by 
a physician to make a clinical decision will vary de- 
pending on the status of the patient and the risks of a 
change in therapy. 
— Possible limitations of study: There are obvious 
limitations to generalizing our results. Our exercise tests 
Were performed at the same time of day, using a specific 
— de in subjects who had been adequately accus- 
omed to the exercise task. Consequently, the variability 
results derived from these tests should be applied to 
exercise tests obtained in a similar manner. Our results 
were also obtained over a 2 week period to eliminate the 
possibility of progression of disease. Slightly greater 
variability may occur over a longer time period but 
‘marked discrepancy between two widely separated tests 
- would be unlikely without a successful therapeutic in- 
_tervention or clinical deterioration. Also our results were 
‘obtained in subjects with angina evokable with both arm 
and leg testing. Consequently, our estimates of leg test 
variability may not be applicable to patients with angina 






ean + Standard Deviation for Coefficients of Variation 
(96) for Two Arm or Leg Exercise Tests Performed on the 
(bete Day (within day) and on Different Days 
k 


(between day). 





Withiņ Day Between Day 

| Arm Leg Arm Leg 

Time 5+4 88 945 9+7 
Heart rate 322 TE 1 43 2:41 
Systolic pressure 2x1 22 323 3X3 
Diastolic pressure 3+2 222 3412 QE 
Rate-pressure product 4+2 2+2 4434 422 
Oxygen uptake ACE J 6+3 3242 
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Leg Exercise 
MEM — — — — fe SS eee fet te ee eee eee O 


7+ 50 38 3 + 40 33 
023 5 03 5 
Ved 7 UE 9 
2b 11 10 0+ 12 11 
10 + 26 5 —4 X 42 12 


produced only with leg exercise, but this appears un- 
likely given the similarity of our leg test reproducibility 
to that previously reported.!? Finally, clinicians should 
restrict the use of these results to individual patients 
whose initial exercise measurements fall within 2 
standard deviations of our subjects' initial mean values 
because our results may not be applicable to patients 
with more extreme values. 

Heart rate, systolic pressure and heart rate-systolic 
pressure product at angina were significantly higher 
during arm than during leg exercise. Others have re- 
ported a higher rate-pressure product at angina during 
dynamic arm exercise!?!? and when isometric arm ex- 
ercise is combined with dynamic leg exercise.!4:15 This 
observation probably reflects the fact that the rate- 
pressure product does not account for either ventricular 
volume?? or the systolic ejection period. 16 The systolic 
ejection period at the onset of angina is lower during 
arm exercise!” and the end-diastolic volume may be 
lower as well.!? Because both variables affect myocardial 
oxygen demand, these lower values during arm as op- 
posed to leg exercise permit a higher double product at 
the onset of angina during arm exertion.!4!5 The higher 


TABLE V 


Measurements (mean + standard deviation) at Onset of 
Angina During Arm and Leg Exercise Testing (n — 11). 





Arm Leg 

Exercise Exercise 
Heart rate (beats/min)* 127 3: 17 120 + 15 
Systolic blood pressure (mm Hg)* 194 + 19 176 + 16 
Diastolic blood pressure (mm, Hg)! 112 + 13 9348 
Rate-pressure product X 10^? 246 + 43 195 + 67 
Work load (kpm/min)* 286 + 82 427 + 135 
Oxygen Uptake (ml/min)* 988 + 123 1132 + 233 


* p <0.01. ! p «0.001. Levels of significance are based on two-tailed 
paired t tests. 
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diastolic blood pressure may also permit greater coro- 
nary blood flow during arm exercise. 1415 

It was not possible from our results to predict a 
subject's threshold for angina on arm exercise after leg 
exercise or vice versa. The rate-pressure product at 
angina was higher during arm than during leg exercise 
for each subject, but the coefficient of variation for this 
difference between arm and leg performance was 60 
percent. Consequently, there was too much variability 
to predict accurately rate-pressure product with one set 
of limbs after testing the other set of limbs. This effect 
of different exercise testing modalities must be con- 
sidered when using changes in rate-pressure product as 
an index of changes in coronary blood supply. 


APPENDIX 
Statistical Methods 


Day to day variance of the exercise protocols was deter- 


mined using the first tests (1 and 5) on each arm or leg testing 
. day. Variance (S?) for the 11 subjects was calculated for each 
measured variable using the formula!?: 


S2 = L(x = p)? 
! N 
Where X represents the difference in a measurement for a 


subject between his fifth and first arm or leg test, u is the 
population mean, and N = 11. Since subjects received no 


- Meer rey ^ ^ -a [ow] | Mu y *— 
" 1 "X e - -- 
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therapeutic interventions during the 2 week testing period, 


A was assumed to be zero and the formula simplified to: 


D(X)? 


2 = 
; N 





Paired t tests verified that the assumption u = 0 could not be — 
rejected for any variable. S? was used to estimate the day to — 


day population variance (a). The minimal percent change 
needed to identify a change in an exercise variable at the 95 - 


percent confidence level was then calculated as 2c. A low value — 


for 2e indicates high reproducibility of the test. 


To determine if doing four tests each day reduced the day | 
to day variance, the preceding analysis was repeated for each E 
test variable using the average value for the four tests done 


on each day. Paired t tests again verified that the assumption, - 
= 0, could not be rejected for any variable. Within day - 


analysis revealed that the second exercise test on the Ist day — 
of both arm and leg testing had a significantly higher (p «0.05) 
oxygen uptake than did the first test of that day. Heart rate |. 


and rate-pressure product during arm exercise were also sig- 
nificantly higher on the second exercise test. Consequently, - 
within day analysis of the test protocol was determined - 


comparing the second with the third and the second with the - 
fourth exercise test. All calculations of variability were done - 
using the logio of the results to more closely satisfy the sta- 
tistical assumption of normal distribution. 
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The observed normal ranges of age- and weight-adjusted maximal oxygen 
uptake and age-adjusted maximal heart rate during upright exercise using 
the Bruce protocol are shown for 104 asymptomatic women. Cardiac 
output was measured during upright exercise in 11 normal women with 
the use of the direct Fick method. On the basis of the relation between 
oxygen uptake and cardiac output in these 11 women, the cardiac output 
and stroke volume were estimated by regression in the 104 women to 
provide normal ranges of age-adjusted values for cardiac output and 
stroke volume. The potential usefulness of these age-adjusted normal 
ranges is illustrated by analysis of 21 observations of maximal cardiac 
output in 16 women with heart disease. 


There is little information on the normal range of cardiac output during 
maximal exercise in sedentary women. Previous data, based on results 
of both cross-sectional! and longitudinal studies,? showed that maximal 
oxygen uptake decreases with age in both men and women. An extensive 
review by Sheppard? indicated that a decrease in maximal oxygen uptake 
with advancing age had been reported from various countries. Recently, 
the ranges for maximal cardiac output, stroke volume, heart rate and 
oxygen uptake were provided for normal men.‘ All four variables de- 
creased with age. Maximal oxygen uptake showed the greatest and stroke 
volume the least decrease with age. 

'The purpose of this study was to provide normal standards of age- 
adjusted values for maximal cardiac output, maximal oxygen uptake, 
maximal heart rate and maximal stroke volume in sedentary women. 
'These normal standards provide a framework for evaluating the results 
of exercise testing in women with various cardiovascular diseases. 


Methods 


Study patients: A group of 104 asymptomatic sedentary women aged 20 to 
70 years (mean 42) with no clinical evidence of heart disease performed symp- 
tom-limited maximal exercise on a treadmill. During exercise, maximal oxygen 
uptake was measured. 

Another group of 11 normal women aged 28 to 61 years (mean 50.5) underwent 
symptom-limited exercise testing on a treadmill. During the test, the direct Fick 
method was used to measure cardiac output at several submaximal work loads 
and at maximal exercise. These data provided a regression equation of the 
relation between oxygen uptake and cardiac output for women in our laboratory 
environment. 

Sixteen women with a spectrum of cardiac diseases underwent exercise 
testing with measurement of maximal cardiac output. Nine patients had cor- 
onary artery disease, five had valvular heart disease, one had hypertrophic 
cardiomyopathy and one was studied several years after an episode of adult 
respiratory distress syndrome. Five of the 16 underwent a second exercise test 
6 months to 2 years after the first. In four of the five, the second test was per- 
formed after aortocoronary bypass surgery. 

Noninvasive test: After a preliminary history, physical examination and 12 
lead electrocardiogram, each woman underwent an exercise test using the Bruce 
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protocol? to measure maximal heart rate and maximal oxygen 20 
uptake. Heart rate and rhythm were monitored using a 
modified V5 chest lead, and blood pressure was measured with 
a sphygmomanometer. With the nose firmly occluded, expired IS 








air was collected at minute intervals through a mouthpiece E 
and large bore tubes were connected to serial Neoprene® bags. 3 
Subsequent analysis of samples for oxygen content and = 10 
measurement of gas volumes were performed to calculate In y:4.07 + 472x à 
oxygen consumption. The methodology and reliability of these 55 r=.904 
measurements were previously reported.! 5 SEE - 0.83 

Invasive test: Before undergoing invasive testing, each n=48 
woman underwent a symptom-limited maximal exercise test J 
as described. The techniques of performing cardiac cathe- 
terization and obtaining cardiac output measurements were 9 0.5 l oi Degas €.0 25 38 
previously described in detail.* The study involved placing V0 (liters/min) 
a Swan-Ganz catheter in the pulmonary artery and cannu- FIGURE 1. The measurements of oxygen uptake (VO;) (liters/min) and 
lating either the radial or the brachial artery. Simultaneous corresponding values of cardiac output (liters/min) are plotted for he 
arterial and mixed venous blood samples were taken to mea- 48 observations in the 11 normal women. There is a good correlation 
sure oxygen content. Mean systemic arterial and mean pul- over the measured range. SEE = standard error of the estimate. 


monary arterial pressures were measured. Observations were | 
made with the subject at rest in the supine and sitting posi- | 
tions and then on several occasions during submaximal 
exertion and at maximal exercise. Measurements were then 
made at the 3rd and 5th minutes of recovery with the subject 
in the sitting position. The measurements of maximal heart | 
rate and maximal oxygen uptake during an invasive exercise Cardiac output (liters/min) = 4.07 + 4.72 [oxygen uptake 
. test are highly reproducible when compared with measure- (liters/min)]. 
ments made during a noninvasive exercise test.® 

Cardiac output (liters/min) was obtained using the direct 
Fick method. Heart rate (beats/min) was obtained from 6 





tions made during exercise in these women. The re- 
gression equation is: 


'The physical characteristics of the 104 normal women 
in whom measurements of maximal oxygen uptake were 


second strips of the electrocardiogram. Stroke volume (ml) made are shown in Table IL. Approximately 20 percent 
was obtained by dividing cardiac output (ml/min) by heart of these women smoked. Figure 2A plots the observed 
rate. Pressure-rate product was the product of mean systemic values of maximal oxygen uptake, corrected for weight, 
arterial pressure and heart rate X 10^?. against age. The 95 percent confidence intervals are 
Acca. shown +2 standard deviations. At age 20, the normal 

range is 34.7 + 7.2 ml/kg per min and it decreases to 18.0 

Normal women: Table I lists the physical charac- + 7.2 ml/kg per min at age 70. Maximal cardiac output 
 teristics and the results of values obtained during was estimated by regression from the measured values. 
measurement of maximal cardiac output in the 11 of oxygen uptake (liters/min) using the equation from. 
normal women. Figure 1 plots the measurements of the 11 normal women (Fig. 2). The values are plotted. 
oxygen uptake and cardiac output for the 48 observa- with respect to age in Figure 2B. Maximal heart rate is 





TABLE | 
Physical and Hemodynamic Variables in 11 Normal Women 
Age VO> Q HR SV avO;D Psa Pax 
Case Activity (yr) Wt Ht max FAI max max max CaO, CvOs max max max 
1 Sed 45 63.2 163 28.81 —12 12.43 194 64 193 46 147 109 27 
2 Sed 52 56.6 166 24.04 -3 12.19 158 87 181 73 108 137 16 
3 Sed 43 65.0 155 26.66 = 11.52 194 59 212 61 151 — 30 
4 Sed 51 58.2 161 24.34 -9 10.78 188 63 173 41 132 154 15 . 
5 Sed 61 74.1 167 21.42 -—6 11.71 178 66 198 62 136 140 29 
6 Sed 52 69.0 161 26.72 15 12.89 188 72 193 50 143 125 30 
7 Sed 60 50.9 166 23.74 15 10.94 164 68 160 42 118 95 26 
8 Sed 56 66.0 158 28.72 —91 13.93 184 81 188 52 136 148 21 
9 Sed 56 66.0 165 20.77 6 10.25 166 62 171 53 118 102 27 
10 Sed 51 64.3 168 24.77 —4 11.98 176 68 187 54 133 152 38 
11 Act 28 55.5 160 47.72 — 1 14.36 200 76 202. —* 34 171 132 25 
Mean 50.5 62.6 163 27.07 -fi 12.09 181 70 187 51 136 129 26 
SD 9.3 6.7 4.1 7.34 13 1.27 14 9 15 10 18 21 7 


Act = active; avO,D max = arterial-mixed venous oxygen difference at maximal cardiac output (ml/liter); CaO. = arterial oxygen content (mt/liter); 
CVO, = mixed venous oxygen content (ml/liter); FAI = functional aerobic impairment (96); HR max = maximal heart rate (beats/min); Ht = height 
(cm); Pp, max = mean pulmonary arterial pressure at the end of exercise (mm Hg); Psa max = mean systemic arterial pressure at the end of exercise 
(mm Hg); Q max = maximal cardiac output (liters/min); SD = standard deviation; Sed = sedentary; SV max = stroke volume at maximal cardiac 
output (ml); VO2 max = maximal oxygen uptake (ml/kg per min); Wt = weight (kg). | 
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. TABLE Il 


- Physical Characteristics and Exercise Responses of 104 
_ Asymptomatic Sedentary Women (mean values + 
. standard deviation) 








HR VO> 
. Age Wt Ht Smoking max max 
Range n (kg (cm) (96) (beats/min) (ml/kg per min) 
E 20- 22 592 165.2 22 192 32.3 
I 34 + 69° 459 $1] + 5.9 
35- 59 62.8 166.4 22 180 26.7 
49 +10.0 +6.2 X11 + 3.5 
50- 23 64.5 166.3 21 176 24.5 
70 T4313. ERO = Ua +53.1 
Total 104 62.5 166.2 22 181 27.4 
+ 10.0 +6.1 + 13 + 4.9 


|». group 





HR max = maximal heart rate; Ht = height; n = number of obser- 
1 vations; Wt = weight; VO; max = maximal oxygen uptake. 
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plotted against age in Figure 2C. Estimated stroke 
volume was obtained by dividing estimated cardiac 
output by maximal heart rate. These values are plotted 
against age in Figure 2D. 

Women with heart disease: The physical charac- 
teristics and the results of invasive exercise testing are 
shown for the patients with coronary heart disease and 
those with other cardiovascular diagnoses in Tables III 
and IV. Four of the patients had follow-up tests after 
coronary bypass surgery and the results are shown 
separately in Table III. In Figure 3, the respective values 
for maximal oxygen uptake, cardiac output, heart rate 
and stroke volume are plotted for these patients and the 
normal ranges are shown for reference. 


Discussion 


Estimated maximal cardiac output in normal 
women: This study has confirmed the previously re- 
ported^7-? high correlation between oxygen uptake and 


y:15.0-0.071x 
r=.46 
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. FIGURE 2. Derived values for observed and maximal cardiovascular variables in 104 normal women. A, observed age- and weight-adjusted value 
. of maximal oxygen uptake (VO? max). The regression line is shown and the normal range indicated by +2 standard deviations (SD). The standard 
deviation for oxygen uptake is 3.59 ml/(kg min). B, estimated age-adjusted values of maximal cardiac output (Q max). The standard deviation for 
cardiac output is 1.35 liters/min. C, observed age-adjusted values of maximal heart rate (HR max). The standard deviation for heart rate is 14 beats/min. 
D, estimated age-adjusted values of maximal stroke volume (SV). The standard deviation for stroke volume is 8 ml. 
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cardiac output. Because of this high correlation (r 


. 0.90), use of the equation to estimate maximal cardiac 
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output in the 104 normal women is justified for the 
purpose of defining the normal range in relation to age 
(that is, +2 standard deviations from the regression 
line). The estimation of maximal cardiac output in the 
104 women using a regression equation based on maxi- 
mal observations alone was not feasible because the 
range of maximal oxygen uptake in the 11 normal 
women did not encompass the range in the 104 women. 
The regression equation for maximal oxygen uptake and 
maximal cardiac output was calculated and the r value 
was 0.89 and the slope was not significantly different 
from that of the equation used. 

Effect of age: In the 104 normal women all variables 
decreased with increasing age. Maximal oxygen uptake 
showed the highest correlation with age. In terms of 
percent change with advancing age, maximal oxygen 
uptake showed the greatest decrease and stroke volume 
the least. Most other studies have reported a decrease 
in maximal oxygen uptake with increasing age.?10.1! 
Sheffield et al.,!? using the Bruce protocol, showed a 
good correlation between age and maximal heart rate, 
but no relation between age and exercise duration, 
which reflects oxygen uptake.! The normal range for 
heart rate from their study showed a more rapid de- 
crease with increasing age than we found in this 
study. 

Comparison with previous studies of normal 
women: The previous reports of cardiac output mea- 
surements during exercise are of interest. Many of these 
observations were made in well trained athletes and 
thus do not reflect the cardiac output of an untrained 
woman. The interpretation of earlier results is further 
complicated by the use in some studies of indirect 
methods of cardiac output estimation and in others of 
observations made during supine or upright bicycle 
exercise. Astrand et al.,’ using dye curves for estimation 
of cardiac output with bicycle exercise, found the mean 
maximal cardiac output in a group of active young 
women to be 18.5 liters/min and a stroke volume of 100 
ml. Both values are higher than the normal values we 
propose. The values obtained by Kilbom and Astrand,!? 
in a group of untrained young and middle-aged women 
and a group of older women, are close to the normal 
range in our study. Other studies!*!^ illustrate the 
problems in comparing cardiac output values. Raven et 
al.^ found values of 27 liters/min in young female 
runners, but when the arterio-mixed venous oxygen 
difference was calculated, it was less than 100 ml/liters, 
which is a very low value and probably an unrealistic 
value for maximal exertion. 'The mean arterial-mixed 
venous oxygen difference of the 11 women in our study 
was 136 ml/liter, which is identical to that reported by 
Kilbom and Astrand.!? In the study of Astrand et al.,’ 
mean arterial-mixed venous oxygen difference was 143 
ml/liter which probably reflected the greater physical 
activity of those persons. Becklake et al.,!° using bicycle 
exercise, found that cardiac output increased with age 
but that heart rate decreased, suggesting that stroke 
volume must have increased with age. This finding is 
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FIGURE 3. Observed and derived values in women with heart disease. A, values for maximal oxygen uptake in the women with coronary artery 
disease before (closed circles), and after (open triangles) operation and in women with noncoronary heart disease (open circles) are shown in 
relation to age. Serial measurements in the same patient are connected by arrows. The normal range from Figure 2A is indicated. B, maximal cardiac 
output values. The normal range from Figure 2B is indicated. C, maximal heart rate values. The normal range from Figure 2C is indicated. D, maximal 


stroke volume values. The normal range from Figure 2D is indicated. 


clearly at variance with our data, and a problem with the 
methodology of Becklake et al. was their failure to de- 
fine adequately maximal exercise performance for each 
person. 

Application to women with heart disease: The 
inclusion of the data of the patients with heart disease 
illustrates the usefulness and importance of having 
normal standards for evaluation of exercise results. It 
also emphasizes the need to take into account changes 
that normally occur with age when assessing patients. 
The maximal cardiac output was similar in Patient 1 
postoperatively (age 63) and in Patient 10 (age 36); 
however, the respective percent of the age-predicted 
normal values was 78 and 67 percent. This value was 
abnormally low in the younger patient, but a similar 
absolute value (8.2 liters/min) was within the age-pre- 
dicted normal range in the postoperative patient. 

Measurement of Fick cardiac output during exercise 
gives additional insight into the mechanisms of cardiac 
impairment. With respect to the preoperative data in 
the patients with coronary artery disease, only three had 
a maximal oxygen uptake in the normal range. In Pa- 
tient 3 maximal cardiac output was at the lower limit 
of the normal range (75 percent of normal), and the 
maximal oxygen uptake was relatively well preserved 
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(80 percent of normal). This woman was a participant 
in an exercise program and the effects of training are 
reflected by the wide arterial-mixed venous oxyger 
difference,!® which contributed to the preservation ol 
maximal oxygen uptake. In only two of the preoperative 
patients (Patients 4 and 6) was the stroke volume sig: 
nificantly impaired, and both patient’s had the lowes! 
values for cardiac output. 

Analysis of the postoperative results are of interesi 
and adds to the documentation of the physiologi« 
benefits of successful surgery. In the three cases o: 
complete revascularization (Cases 1 to 3, Table II), there 
was a significant increase in the percent of averagt 
age-predicted normal cardiac output. The mean in 
crease for these three patients was 18 percent. This in 
crease was due mainly to an increase in heart rate 
Treatment with beta receptor blocking agents wa: 
discontinued at the time of preoperative testing and the 
heart rate impairment in these cases was a reflection o! 
coronary disease rather than a drug effect. 

In the evaluation of the patients without coronary 
disease, the deleterious effects of a rapid ventriculai 
response associated with atrial fibrillation are illus: 
trated by the two patients (Case 10 and 13, Table IV) 
with mitral stenosis who had this rhythm disturbance 
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| Both had rapid ventricular responses during exercise 
with significant impairment of stroke volume. The ef- 
fect of the mitral valve stenosis becomes relatively more 


rate. The deterioration in Patient 10 with the develop- 
- ment of atrial fibrillation is apparent when serial com- 
| parisons are made. Several of the patients with mitral 
| ference at maximal exercise, a finding reported by 
_others.!’ Such data have useful clinical applications, as 
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 gically or medically was being debated. However, with 
the knowledge of a relatively normal exercise capacity 


. 


and cardiac output, it was possible to delay intervention. 
Without some tentative guidelines for normal stan- 
dards, evaluation of the testing results would be diffi- 
cult. 

Implications: This study provides for healthy, sed- 
entary women normal standards for age-adjusted values 
for maximal cardiac output, maximal oxygen uptake, 
maximal heart rate and maximal stroke volume during 
treadmill exercise. These data allow values obtained 
from studies performed in patients to be expressed as 
a percent of the age-predicted normal value and provide 
a framework for the evaluation of various interventions. 
The normal changes that take place with age are em- 
phasized. These normal standards for women comple- 
ment the previously reported normal values for men.* 
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report content and length, blood 
pressure prompting, etc. Everything 
is in your control like it should be. 

Use your professional 
imagination to create and program 
customized test procedures for 
pediatric, research, post- M.l., 
rehab., or out-patient situations. 

Each physician in your institu- 
tion can have their own preferred 
test procedure stored in memory. 

With the Status 1000 you and 
your colleagues can customize test 
procedures based on the require- 
ments of the patient, not the restric- 
tions of the ECG system. 

How The Sophisticated Status 
1000 Makes Test Flexibility So 
Complete And Easy 

With The Status 1000, Quinton 
introduces a new term, the "Stress 
Test Environment’. It consists of 16 
test elements. Each element, such 
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as exercise lead set, or final report 
content, has parameters which 
you can establish or modify to suit 
your needs. 





Yet, programming the Status 
IOO0 is as easy as operating a pocket 
calculator, so special training Is 
not required. 

Comprehensive Data, 
Professionally Presented 

In a single glance you see three 
channels of diagnostic quality ECG, 
averaged beats (both resting and 
current), heartrate, computed 
parameters, trend displays, 
stage number, stage time and 
elapsed time. 

Plus, any abnormal beat will be 
instantly highlighted on the screen, 
then recorded and labeled 
automatically. 

Your control extends to test 
reports, too. Printouts during the 
test may include averaged beats, 
rhythm strips, or full | 2-leads. Final 
reports may include a wide variety 
of information. And each report is 
automatically labeled with pertinent 
data. Good bye work sheet. 





Stay Ahead With The 
Status 1000 

Because of the Status 1000's 
unparalleled flexibility and micro- 
processor technology its susceptibil- 
ity to obsolescence is far less than 
other systems. And that makes it a 
good investment for you and your 


institution. Call Quinton toll free at 
|-8Q0-426-0538. 


Quinton 


instrument co. 





The Stress Test People 


2121 Terry Avenue 
Seattle, Washington 98121 
206/223-7373 Telex 328840 
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se of operation. 


real-time cardiac 
scanner with 
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ngle (35°-90°) and frame rate 
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LT B om electronic sector 
go IZOnIC real-time cardiac 
scanner 





e highest available resolution in 
cardiac ultrasound scanning 


e 32-element phased array 
transducer with electronic 
transmit-and-receive focusing 


e 3independent M-mode images 
concurrent with real-time image 
for optimal analysis 


e images may be freeze-framed 
and/or selectivity displayed at 
any point of ECG cycle 


e 4 physiologic channels may be 
displayed and simultaneously doc- 
umented on strip chart recorder 


From the Pfizer Family of Ultrasound Syo 





Mail to: 


Pfizer Inc. 
Campus Road 
Totowa, NJ 07512 


Gentlemen: 


| would appreciate detailed informa- 
tion on Pfizer's cardiac ultrasound 
systems: 

(Check appropriate box) 


C] Pfizonic 100 
O Pfizonic 150 





Name 


(please print or type) 
Hospital affiliation 


Title 

Address 

City 

DIEN LL Sec cuis ILE 
Telephone 

Pfizer Medical Systems, Inc. 


235 East 42nd Street 
New York, NY 10017 
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644 pages. 36 chapters by 85 interna- 
tionally known specialists. Illustrated. 
Comprehensively indexed. $49.00. 
Available on 30-day approval. 





High blood pressure is no longer only a problem of worldwide in- 
terest and relevance. It is now one in which the knowledge base 
has exploded to the point where the informed physician can do 
more and more about it in his daily practice. . . and can apply, to 
an ever-increasing extent, more sophisticated and individually 
tailored therapies. 


Laragh’s TOPICS IN HYPERTENSION places this kind of vital 
knowledge within instant reach of the physician. It presents a 
carefully selected array of discussions by 85 eminent specialists. It 
deals in depth with recent breakthroughs in understanding, diag- 
nosing, and treating this problem. 


The book is conveniently organized for effective consultation and 
reading. 


Check the helpful contents... 


SECTION 1 

Some Biochemical and Pathophysiologic Aspects 

1 The Biochemistry of the Renin-Angiotensin System and Its Role in 
Hypertension 2 Conversion of Angiotensin I to Angiotensin II 3 
Angiotensin Receptors in Vascular Tissue 4 Vascular Angiotensin 
Receptors and Their Role in Blood Pressure Control 5 Renal 
Prostaglandins and the Regulation of Blood Pressure Renin Release and 
Sodium and Water Homeostasis 6 Linking the Kallikrein and Renin 
Systems via Activation of Inactive Renin: New Data and a Hypothesis 7 
Control of Renin Release: Experimental Evidence and Clinical 
Implications 8 Blood Rheology in Hypertension and Cardiovascular 
Diseases 9 Renal Circulation in Hypertensive Disease 10 The Concept of 
Autoregulation of Total Blood Flow and Its Role in Hypertension 11 A 
Proposed Cybernetic System for Sodium and Potassium Homeostasis: 
Coordination of Aldosterone and Intrarenal Physical Factors 
SECTION 2 

Newer Physiologic Approaches to Diagnosis 

12 Renin-Sodium Profiling: Why, How and When in Clinical Practice 13 
How to Do a Plasma Renin Assay 14 The Renin Axis and 
Vasoconstriction Volume Analysis for Understanding and Treating 
Renovascular and Renal Hypertension 15 Clinical and Laboratory 
Diagnosis of Adrenocortical Hypertension 

SECTION 3 

Clinical and Prognostic Aspects 

16 High Blood Pressure in Children: Problems and Guidelines for 
Evaluation and Treatment 17 Systolic Hypertension: Nonhomogeneous 
Diseases 18 Hypertension Associated with Early Stage Kidney Disease 19 
Elevation of Serum Lipid Levels During Diuretic Therapy of 
Hypertension 20 Renin and Aldosterone Secretion in 
Pheochromocytoma: Effect of Chronic Alpha Adrenergic Receptor 
Blockade 21 Pathogenesis of Hypertension in Cushing's Syndrome: 
Glucocorticoid Excess 22 The Renin-Sodium Profile as a Predictor of 
Hypertensive Complications 23 The Hypertensive Diseases 

SECTION 4 

Modes of Therapy 

PART I Beta Blockade 

24 Acute and Long-term Studies of the Mechanisms of Action of Beta 
Blocking Drugs in Lowering Blood Pressure 25 The Role of Beta 
Adrenoreceptor Blockade in Hypertension 26 Rapid Identification of 
Patients with Essential Hypertension Sensitive to Beta Blockade 27 The 
Predictive Value of Renin Profiling in the Choice of Treatment in Primary 
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Edited by JOHN H. LARAGH, MD 
Master Professor of Medicine, Chief, Cardiology Division 
Director, The Cardiovascular Center 

The New York Hospital-Cornell Medical Center 





Laragh’s eagerly awaited new guide 
to understanding, diagnosing, 

and treating Hypertension 

in its many forms... 


TOPICS IN 








Hypertension, with Special Reference to Patients with Low Renin Values 
28 Prazosin: An Alpha Adrenergic Blocking Agent in Treatment of 
Hypertension 29 Antihypertensive Effectiveness of Propranolol: Role of - 
the Renin-Aldosterone Axis 30 Antihypertensive Beta Blocking Action as - 
Related to Renin and Age: A Pharmacologic Tool to Identify 
Pathogenetic Mechanisms in Essential Hypertension 31 Modern System 
for Treating High Blood Pressure Based on Renin Profiling and 
Vasoconstriction- Volume Analysis: A Primary Role for Beta Blocking 
Drugs such as Propranolol 

PART II Saralasin 

32 Usefulness and Limitations of Saralasin, a Partial Competitive 
Agonist of Angiotensin II, for Evaluating the Renin and Sodium Factors 
in Hypertensive Patients 33 Angiotensin Blockade: Its ClinicalSignificance 
PART III Converting Enzyme Blockade: Basic and Clinical Aspects 

34 The Renin System in High Blood Pressure: Converting Enzyme 
Blockade for Analysis and Treatment 35 Estimating Renin Participation 
in Hypertension: Superiority of Converting Enzyme Inhibitor over 
Saralasin 36 Clinical Experience with Blockade of the Renin-Angiotensin- 
Aldosterone System by an Oral Converting Enzyme Inhibitor (Captopril) 
in Hypertensive Patients 


Among the 85 authoritative contributors... 


Edward G. Biglieri, MD James B. Lee, MD 
Fritz R. Buhler, MD William C. Roberts, MD 


Edward D. Frohlich, Leonard T. Skeggs, PhD 
MD, FACC David H.P. Streeten, 
Norman K. Hollenberg, MD, DPhil 

MD, PhD 


Alberto Zanchetti, MD 
John H. Laragh, MD 


Consult and Read 
Laragh's New Manuat 30 Days Free 


Keep it only if you consider it too valuable to give up. Otherwise 
simply return the book after 30 days and owe nothing. 
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YORKE MEDICAL BOOKS 

666 Fifth Avenue Ħ* New York, NY 10103 
Send me, on approval, | copies of Laragh's TOPICS IN 
HYPERTENSION at $49.00. | will consult and read this new manual for 30 
days, then remit only if | consider it a necessary addition to my library. 
Otherwise | will return it without further obligation. 
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_] Send bill, plus shipping cost. s 
(J Payment herewith. Publisher pays shipping. Same return privilege. 








(J Charge my |) MasterCard el] Visa 
Acct. No. Exp. date (eu 
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Address 
City State Zip 


Please add Sales Tax in N.Y. State. Outside Western Hemisphere price 
is $57.00 and prepayment or credit card number is required. Thank you. 
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Pacer's computerized precision assures accuracy. Pacer’s new computerized treadmill cont 
unit assures accuracy and consistency...test after test. Developed to complement the Pac 
-9 clinical model treadmill, the preprogrammed computer automatically sequenc 


test variations so you can direct your full attention to your patient and diagnos 
procedures. 


Preprogrammed for testing consistency. The Bruce stress test and the Bal 
stress test are preprogrammed into the Pacer control unit. Each phase of t 


selected test is accurately and consistently executed. The self-adjusting trea 
mill assures smooth and gradual transitions - without operator intervention. 


ser programmable for diagnostic flexibility. Modified or self-designed test sequences permit a departure from standardiz 
st programs. Variations in speed, elevation and time intervals can easily be entered through the 
uch-tone type keyboard. 


irge, easy-to-read DIGITAL displays. Digital read-outs are prominently displayed throughout 


e testing period. In addition to speed, elevation, distance traveled and elapsed time monitors, Pace Industries 
cumulated testing time and cool-down time are retained to assure diagnostic accuracy. ORE 


'rfect complement to Pacer R-9 Treadmill. Now Pacer Industries offers maximum GIAENOSBC ^ so nox itzi publ el 
curacy and convenience with its R-9 clinical model treadmill and computerized control unit. (214) 363-6429 
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rUnresponsive 
Brady-Asystolic Arrest 


Your Best Resource IS 
ELECATH 11-KTM1 
For Emergency Transthoracic Pacing 







e Fast, Easy Placement— 
30 to 45 seconds 


tte 


Cathode or 
stimulating electrode —————» 


Insulating 
Sleeve ERE Lancer ROR 


Anode or indifferent 
electrode 2 Sim = Eee 


"|f the patient has total cardiac standstill, the likelihood of successfully passing a 
transvenous pacemaker (which is in part flow-directed) into the right ventricle is very small. 
In these cases, a transthoracic pacemaker should be inserted." p. 28 in The Practice of 
Cardiology ed. by Johnson, Haber, and Austen. Little, Brown & Co., 1980. 


INNOVATIVE CARDIOVASCULAR 
TECHNOLOGY 


ELECTRO-CATHETER CORPORATION 


2100 FELVER COURT, RAHWAY, NEW JERSEY 07065 U.S.A. 
Complete family of precision cardiac catheters for hemodynamic monitoring and temporary pacing. 





For the name of your nearest distributor, call: (800) 526-4243 In N.J. (201) 382-5600 


Visit us at Booth No. 41 at the 61st Annual Meeting — American Assn. For Thoracic Surgery, May 11-13, Washington Hilton Hotel, Wash. D. 
Visit us at Booth No. 455 Third World Congress On Intensive & Critical Care Medicine, May 24-29, Washington Hilton Hotel, Wash. B.C. 
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What is CARDIOLOGY: 1981? CARDIOLOGY: 1981 provides in a concise and readable 


€ The first in an annual series to be published in the format and style fundamental and new information essential 
SPRING each year to understanding the current thinking on managing 

Bn paul f th and ti cardiovascular disease. It coordinates what's new with well- 

[ew AREE oer 2 newest and most Important established data, arming the reader with a perspective on 

developments in cardiology —452 papers the field which is simply unavailable elsewhere. Its liberal 

€ A multidisciplinary approach to clinical and applied use of illustrations and original tables condenses valuable 
research based on an exhaustive search of the year's information into instantly understandable knowledge. 
literature . r 

e A unique, cohesive summary of the state-of-the-art, Table of Contents in brief 


written, not edited, by those making outstanding 1. Coronary Heart Disease: General Aspects 
developments in the field | 2. Acute Myocardial Infarction 


. Cardiac Arrest and Arrhythmias 
. Systemic Hypertension 

. Valvular Heart Disease 

. Myocardial Heart Disease 

- Congenital Heart Disease 





€ A practical approach to a complicated and fast- moving 
subject designed to be read and used daily 


CARDIOLOGY: 1981 is NOT 


€ A collection of unrelated reviews : i 
> : . Drugs for Congestive Heart Failure 
€ An abstracting service . Echocardiography: Miscellaneous Topics 
€ A rehash of materials readily available elsewhere 10. Related Topics 
Se mm eg 
ak Yorke Medical Books, 666 Fifth Avenue, New York, NY 10103 AJC 5/81 = 


L] Please send me a copy of the first edition at the full price of $39.50. | do not wish to 4 
place a standing order. - 
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L] Enclosed is my check for. — Yorke pays postage and handling. 
(Same return privilege) 
(New York residents add appropriate sales tax. Add $5.00 for orders outside the U.S. and Canada) 
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STUDIES IN HYPERTENSION 








| 
| 
Echocardiographic Diastolic Ventricular Abnormality in 
Hypertensive Heart Disease: Atrial Emptying Index 


| 


GERALD R. DRESLINSKI, MD To analyze changes in left ventricular diastolic properties in hypertensive 
EDWARD D. FROHLICH, MD, FACC heart disease, the atrial emptying index was used to assess the rapid. 
FRANCIS G. DUNN, MD phase of diastolic filling of the left ventricle. Ten normal subjects (Group. 


FRANZ H. MESSERLI, MD, FACC 
DANIEL H. SUAREZ, MD 
EFRAIN REISIN, MD 


1), 11 hypertensive patients without evidence of cardiac involvement. 
(Group 2) and 10 hypertensive patients with echocardiographic evidence 
of left ventricular hypertrophy (Group 3) were compared using M mode 
New Orleans, Louisiana echocardiography and systemic hemodynamic data. Whereas cardiac 

index (dye-dilution method) and rate of circumferential fiber shortening 

(echocardiogram) were normal in all three groups, there was a progres- 1 
sive increase in left atrial index (p «0.001, Group 1 versus Group 2 and. 
versus Group 3) and a progressive decrease in the atrial emptying index | 
(p «0.001, Group 1 versus Group 2 and versus Group 3). No correlation 
existed between the atrial emptying index and the left atrial index, mean 


arterial pressure or total peripheral resistance in any of the three groups. 


These data suggest that rapid filling of the left ventricle is reduced early 
in hypertension, even before electrocardiographic or systolic echocar- | 
diographic abnormalities are detectable. The atrial emptying index 
therefore appears to be an early indicator of abnormalities of left ven- 
tricular diastolic compliance in uncomplicated hypertension. 


M mode echocardiography has been demonstrated to be a sensitive in- 

dicator of the sequential changes occurring in the heart in systemic ar- 

terial hypertension.! The changes in function as well as anatomic features 
have been recorded.” Previous analysis has focused on the anatomy and 
systolic function of the left ventricle, but only recently have diastolic 
properties of the ventricle been analyzed in valvular and hypertensive. 
heart disease.” Although left atrial abnormalities have been described | 
in association with hypertensive heart disease, 97 further physiologic 

delineation of the significance and pathophysiology of these findings 
has not been pursued. We therefore analyzed the utility of the atrial. 
emptying index?? as a potential indicator of diastolic abnormalities in 
the left ventricle in untreated patients with essential hypertension. 


Methods | 


Patients: Thirty-one patients with normal sinus rhythm (heart rate 85 | 
beats/min or less) were studied and classified into three groups: 
Group 1: 10 normotensive subjects without evidence of heart disease (5 women | 


From the Division of Hypertensive Diseases and and 5 men, with a mean age of 36 years [range 19 to 50]). 
the Division of Research, Ochsner Medical Insti- Group 2: 11 patients, 9 men and 2 women with a mean age of 45 years (range 
tutions, New Orleans, Louisiana. This study was 34 to 50), all with established essential hypertension, secondary causes having 


supported in part by Grant HL-22506 from the 
National Heart, Lung, and Blood Institute, Be- 
thesda, Maryland. Manuscript received July 28, 


been ruled out. All were either untreated or had discontinued treatment (in- 
cluding diuretic drugs) for at least 4 weeks before the study. In all cases, there - 


1980; revised manuscript received December 16, Was no roentgenographic, electrocardiographic or echocardiographic evidence | 
1980, accepted December 18, 1980. of left atrial or left ventricular enlargement or abnormality.! | 
Address for reprints: Gerald R. Dreslinski, MD, Group 3: 10 patients, 7 men and 3 women with a mean age of 39 years (range - 
Ochsner Clinic, 1514 Jefferson Highway, New 20 to 54), with established essential hypertension and with evaluation and dis- 
Orleans, Louisiana 70121. continuation of therapy as in Group 2. All patients had M mode echocardio- - 
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graphic (interventricular septal and posterior wall thickness 
.I.1 cm or greater) evidence of left ventricular hypertrophy. 
Three had left atrial abnormalities and seven had left ven- 
tricular hypertrophy on electrocardiography.! 
Hemodynamic studies: Arterial and venous pressures were 
continuously recorded (with patients in the postabsorptive 
state in the supine posture) on a 12 channel Electronics-for- 
Medicine indirect writing recorder using Statham P-23DB 
pressure transducers. Cardiac output was determined in 
triplicate using indocyanine green dye. Mean arterial pressure 
- was obtained by electrical integration, and the usual hemo- 
dynamic indexes were calculated by standard formulation. 
Ejection time was read directly from the strip chart recording 
of the arterial pulse and was taken as the mean of 10 beats. 
= Echocardiographic studies: Standard methods of M 
mode echocardiography were employed using a Smith-Kline 
- Ekoline 20A Ultrasonoscope interfaced with a Honeywell strip 
chart recorder using a probe with a diameter of 1.27 cm. UI- 
_trasonic emission characteristics were: frequency 1,000/s; wave 
. length 2.25 millihertz; and focal length 10 cm. The standard 
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_ in the electrocardiogram. Point x is the aortic root displacement at T 
1/3, determined by dividing total atrial emptying time (point o to point 
A) by 3. Parallel horizontal lines are then drawn through these points. 

_ Atrial emptying index equals o-x/0-A. Here o0-x/0-A = 9 mm/11 mm 
— 0.82. 


TRIAL EMPTYING INDEX IN HYPERTENSION—DRESLINSKI ET AL. 





measurements of left ventricular!? and left atrial!! dimensions 
were determined concomitant with the hemodynamic study, 
and corrected for body surface area (cm/m?). The mean rate 
of circumferential fiber shortening was calculated using the 
method of McDonald et al.,!? with the ejection time mea- 
surement as calculated from the arterial pulse tracing. The 
ratio of left ventricular radius to wall thickness (radius/ 
thickness ratio) was determined from the end-diastolic di- 
ameter divided by 2; that quotient was then divided by the 
posterior left ventricular wall thickness.!? 

The atrial emptying index was quantitated from the pos- 
terior aortic wall echocardiogram using the technique of 
Strunk et al.5; this index represents the first one third (rapid 
phase) of left atrial emptying divided by total left atrial 
emptying. Independent duplicate measurements were carried 
out, and the mean of five cardiac cycles was used (Figs. 1 and 
2). A chart speed of either 50 or 100 mm/s was used, and the 
maximal recording scale of the aortic root was utilized to fa- 
cilitate assessment of posterior motion. Left ventricular mass 
was calculated using the method of Bennett and Evans!‘ and 
corrected for body surface area (g/m?). 

Statistical analysis: Analysis was carried out using the 
unpaired Student's t test and by linear regression. Groups 2 
and 3 were compared with the normal subjects (Group 1). 


Results 


Hemodynamic data: As anticipated, mean arterial 
pressure was significantly and progressively increased 
(Group 1 versus Group 2, 87 versus 110 mm Hg, p 
«0.005, and Group 1 versus Group 3, 87 versus 134 mm 
Hg, p < 0.001) (Table I). No significant difference in 
heart rate, mean left ventricular ejection rate or cardiac 
index among the three groups was observed. Paralleling 
the changes in mean arterial pressure, total peripheral 
resistance was increased (Group 1 versus Group 2, 27 
versus 36 units, p «0.025, and Group 1 versus Group 3, 
27 versus 44 units, p «0.001). 

Echocardiographic data: Table II depicts the 
echocardiographic data obtained at the time of the he- 
modynamic studies. Mean circumferential fiber short- 
ening velocity did not differ significantly among the 
three groups. Radius/thickness ratio was also not dif- 
ferent among the groups and was similar to our earlier 
findings.? However, left ventricular mass index in- 
creased progressively (Group 1 versus Group 2, 72 ver- 
sus 91 g/m”, p «0.05 and Group 1 versus Group 3, 72 
versus 140 g/m?, p «0.001). Left atrial index increased 
(Group 1 versus Group 2, 1.30 versus 1.74 cm/m?, p 
«0.001, and Group 1 versus Group 3, 1.30 versus 1.73 
cm/m?, p <0.001). Atrial emptying index was signifi- 
cantly reduced in patients with hypertension (Group 
1 versus Group 2, 0.82 versus 0.63, p «0.001, and Group 
1 versus Group 3, 0.82 versus 0.50, p <0.001). 

Linear regressions were determined between atrial 
emptying index and left atrial index, mean arterial 
pressure and total peripheral resistance, but none ap- 
proached statistical significance for any of the groups 
analyzed. | ! 


Discussion 


Tarazi et al.’ described electrocardiographic left atrial 
abnormalities in hypertension, and these findings later 
were supported by clinical-physiologic correlation 
studies of hypertensive heart disease.'9 Within this 
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FIGURE 2. Aortic root echogram in a hypertensive 
patient with left ventricular hypertrophy. Abbreviations 
as in Figure 1. Here o-x/o-A = 3 mm/9 mm = 0.33, 


indicating a significant reduction in the atrial emptying 
index. 





framework, patients in stage 2 demonstrated impaired Many echocardiographic studies have demonstrate ed 
systolic myocardial function associated with electro- normal systolic left ventricular function in hyperte 
cardiographic left atrial abnormalities accompanied by sion, even hyperfunction, before left ventricular fai 

an atrial gallop rhythm (S4) noted on cardiac auscul- ure, 1.15.16 Diastolic properties of the left ventricle a re 
tation. The electrocardiographic and auscultatory ab- now being investigated in the hope of further identi ifyi ng g 
normalities have been attributed to left atrial changes ventricular abnormalities in hypertensive heart disease’ 
that occur secondary to a less compliant left ventricle before left ventricular hypertrophy or congestive ca card ia 
before the development of left ventricular hypertrophy failure develop. 

can be measured by electrocardiogram or chest X-ray Atrial emptying index as a measure of rapi 
film. However, there has been no echocardiographic ventricular filling and compliance: Our present dat. te 
evidence of abnormal diastolic function in this corroborate previous findings that in the absence o 
subgroup. inappropriate chamber dilatation or ventricular v 


TABLE | TABLE II y - Y 
Systemic Hemodynamic Data (mean values + standard Echocardiographic Data (mean values + standard error c 
| error of the mean) the mean) | E 
Grup Vcf — R/h —— LA| — AE — WM. 
1 4:15 3.08 — 130 0.82 7) n 
+ 0.08 + 0.31 * 0.08 X009 3535 
2 1:34 $48 A v EM 0.63* 91t 
+ 0.16 + 0.34 + 0.09 + 0.03 i7 
$^ "hON"! 2.49 1.731 0.501 140! 


+ 0.05 +0.31 +006 +006 +9 


- 


oup 3). — | "um Probability (p) <0.001 (Group 1 versus Group 2); 7 ps5 xou 
diac index aa per ub us = heart rate (beats/min): xa versus rie 2); 1 p «0.001 (Group 1 versus Group 3). 

we piim arterial pressure (mm Hg); MLVER = mean left ventricular AEI = left atrial emptying index; LAI = left atrial index (cm/m?); LV 

ejection rate (ml/s per m°); TPR = total Tafoherel resiptanoð |. = left ventricular mass index (g/m?); R/th — radius/wall thickness rat o; 

(units). Vcf — mean rate of circumferential fiber shortening. 
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pertrophy (normal radius/thickness ratio), hemody- 
namic (cardiac index) and echocardiographic indexes 
(fiber shortening velocity) of left ventricular systolic 
performance remain normal.!?6 In spite of the pres- 
ervation of systolic function, there is an apparent in- 
crease in left atrial size, detectable echocardiographi- 
cally before electrocardiographic changes take place, but 
still falling within normal limits (2.0 cm/m? or less).!! 
‘This change is associated with a diminished atrial 
emptying index, a measure of the rapid filling of the left 
ventricle during diastole, as assessed by the posterior 
aortic wall echogram,?? and an increase in left ventric- 
ular mass.! The failure to correlate this reduction in 
passive left ventricular filling (or left atrial emptying) 
with changes in left atrial size or total peripheral resis- 
tance (an index of left ventricular outflow impedance) 
suggests that this results from reduced left ventricular 
compliance. 'Therefore, as mean arterial pressure and 
dm peripheral resistance increase, the left ventricle 
initially hypertrophies and becomes stiffer. This pro- 
otes an increased left atrial size, although it remains 
2. 0 cm/m? or less. Concomitantly, there is a reduction 
in passive left ventricular filling. As the hypertensive 
disease process progresses without intervention, the left 
ventricle continues to hypertrophy (Table II). 
| Accuracy of aortic root motion in assessing atrial 
emptying: It may be argued that changes in aortic root 
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compliance could affect posterior motion in diastole and 
thereby influence passive atrial emptying as assessed 
with aortic root motion. Although this factor should not 
be discounted completely—that is, that age and hy- 
pertension are the major determinants of aortic root 
stiffness (atherosclerosis)—the absence of correlation 
between changes in mean arterial pressure or total pe- 
ripheral resistance and the atrial emptying index (in 
patient groups of similar ages) militates against this 
factor playing a major role in our study group. Fur- 
thermore, previous work has shown aortic root motion 
during ventricular diastole to be governed primarily by 
left atrial events,!" and it seems inescapable that during 
passive left atrial emptying, left ventricular compliance 
must be critical. 

Clinical implications: The clinical staging of hy- 
pertensive heart disease initially presented remains 
useful. It appears that the first changes in hypertensive 
heart disease are those of diastolic compliance of the left 
ventricle, even before systolic function becomes im- 
paired. The hypertrophying and hypertrophied left 
ventricle apparently is less compliant than the nonhy- 
pertrophied left ventricle. The atrial emptying index 
is a sensitive and early indicator of changes in the dia- 
stolic properties of the left ventricle; thus far this is the 
earliest detectable evidence of hypertensive heart dis- 
ease. 
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Thirty-eight patients aged 1 to 20 years (mean 11.2) were evaluated 
because of recurrent ventricular tachycardia. The follow-up period ranged | 
from 0.5 to 12 years (mean 6). The patients were separated into two | 
groups according to the presence or absence of known structural heart 
disease. Seventeen of the 21 patients with known heart disease were 
symptomatic (cardiac arrest in 5, syncope in 5, dizziness in 7) compared 
with only 6 of the 17 patients without heart disease (syncope in 3 and - 
dizziness in 3) (p <0.01). All symptomatic patients had ventricular 
tachycardia with rates of more than 150 beats/min, whereas all but one - 
of the asymptomatic patients had rates of less than 150 beats/min (p - 
<0.01). Graded treadmill exercise testing was performed in 21 of the 38 | 
patients. Exercise increased the degree of ventricular arrhythmia in 8 of 
the 11 symptomatic patients but decreased or abolished the arrhythmia 
in 9 of the 10 asymptomatic patients (p <0.01). | 
Antiarrhythmic therapy was used in 28 of the 38 patients. Effectiveness 
of therapy was assessed with both 24 hour Holter monitoring and graded - 
treadmill exercise testing. Therapy effectively abolished ventricular - 
tachycardia and greatly decréased the number of premature ventricular - 
complexes in the symptomatic patients but was less effective in the - 
asymptomatic patients. Thus, this study suggests that the presence of - 
underlying heart disease, the rate of ventricular tachycardia and the results - 
of graded treadmill exercise tests are important in predicting the prognosis - 
of children with ventricular tachycardia. | 








Ventricular tachycardia, unrelated to metabolic disorders, drugs or 
anesthesia or occurring during procedures such as surgery and cardiac 
catheterization, is rare in infants and children.!-? Recent advances in 

ambulatory electrocardiographic recordings and invasive electrophys- - 
iologic studies have increased our knowledge about ventricular ar- 
rhythmiás in children, but little is known about the long-term course - 
of these patients.! In this report we review our experiences with ven- - 
tricular tachycardia and assess the factors that are important in deter- - 
mining the prognosis of children with this arrhythmia. | 


Methods 


Patients: The diagnostic files of the Departments of Pediatric Cardiology | 
and Cardiovascular Surgery at the C. S. Mott Children's Hospital, University | 
of Michigan and the Department of Cardiology at the Walter Reed Army Medical — 
Center were searched and the records of 38 children who had ventricular - 
tachycardia were obtained and reviewed. In each patient, a complete history, | 
physical examination, serial electrocardiogram, 24 hour Holter electrocardio- 
grams, M mode echocardiograms and chest X-ray films were available. Labo- - 
ratory tests in all 38 patients also included a complete blood count, urinalysis 
and determination of serum electrolytes including sodium, potassium, calcium 
and phosphorus, blood gases and serum thyroxine. Graded treadmill exercise 
testing using the Bruce protocol!? was performed in 21 patients and cardiac 
catheterization in 24. The diagnosis of ventricular tachycardia was made using 
standard scaler electrocardiographic criteria of a succession of three or more 
ventricular extrasystoles with atrioventricular dissociation and fusion and 
capture QRS complexes.! 
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Electrophysiologic studies: Seven patients underwent 
electrophysiologic study using one or two tripolar, quadripolar 
or hexapolar electrode catheters introduced into one femoral 
vein. All patients were premedicated with morphine, 0.1 
mg/kg body weight, and benadryl, 1 mg/kg. Intracavitary 
tracings along with scalar leads I, II, and III were recorded on 
a multichannel oscilloscope recorder (Electronics for Medicine 
VR 12) at a paper speed of 100 mm/s, using a filter setting of 
40 to 500 hertz for intracavitary electrograms. The right 
atrium in all seven patients and the apex of the right ventricle 
‘in four were stimulated using a programmable stimulator 
(Medtronic 5325). In all seven patients premature atrial 
‘stimulation during sinus rhythm was performed. The entire 





cardiac cycle was scanned to the point of atrial refractoriness. 
Atrial pacing at rates of 120, 150 and 180 beats/min for 30 
seconds was also performed in all seven patients. Finally, in 
four patients, premature ventricular stimulation during right 
ventricular pacing was performed. The entire cardiac cycle 
was scanned to the point of ventricular refractoriness. Pro- 
cainamide or phenytoin was then given intravenously and 
ventricular stimulation was repeated. 


Results 


Clinical features (Table I): Cardiovascular ab- 
normalities were present in 21 of the 38 patients. These 
included mitral valve prolapse in five patients, repaired 














ABLE | 
Clinical Data in 38 Patients with Ventricular Tachycardia 
Age (yr) 
at Diagnosis Follow-Up Cardiac Rate of VT 
of VT Sex (yr) Diagnosis (beats/min) Symptoms Therapy 
Patients With Underlying Heart Disease 
8 F 2 MVP 200-250 Arrest X 2 Prop, quin 
6 M 8 MVP 180-200 Syncope Prop 
17 M 3 MVP 200-240 Arrest Prop, quin 
11 E 7 MVP 170-220 Syncope Prop 
13 M 6 MVP 180-200 Dizziness Prop 
1 M 2 Myocarditis 250-300 Arrest Quin, dig 
(died from CHF) 
5 F 3 Myocarditis 130 None Phen, quin, dig 
12 F 10 Myocarditis 130-150 None None 
7 M 6 Prolonged 200-240 Arrest Prop, phen 
V Q-T 
3 10 1.5 F 2 Cote 250 Arrest Prop, phen 
i -T 
i 11 6 M 6 Prolonged 230 Syncope Prop 
BE 12 18 M 4 Postop ToF 180-200 Syncope Dig, quin, phen 
13 16 M 1 Postop ToF 170 Palp, dizziness Phen 
E 14 16 M 3 Postop ToF 180 Dizziness, palp Phen 
15 19 F 2 Postop ToF 160-190 Dizziness, palp Phen 
= 16 6 M 2 sub AS 140 None None 
EB 17 9 M 0.4 AS’ 220-300 Angina, dizziness Quin, dig 
(died at AVR) 
j 18 17 M 8 Al 250-290 Angina, palp, Proc 
dizziness 
19 15 M 3 s/p MVR, 225 dizziness, palp Quin, dig 
VSD 
20 3 M 1 Mitral 250 Cyanosis, Dig, quin 
atresia, syncope 
single V, (died from CHF) 
i PS, Sub AS 
21 0.2 M 0.5 Postop TAPVR 150 None Dig, prop 
Patients With No Heart Disease 
me 22 2 day M 7 None 145-120 None None 
E 23 3 M 3 None 140-150 None None 
E. 24 9 F 3 None 100-140 None Prop, quin 
p 25 13 M 3 None 100-120 None None 
p 26 13 F 3 None 140 None None 
Bp 27 15 F 5 None 135-145 None Prop 
28 14 M 7 None 160-180 Syncope Prop 
29 15 M 7 None 120-140 None None 
30 20 F 2 None 150-190 Dizziness, palp Prop, quin 
31 20 F. 9 None 180-260 Syncope Prop 
32 16 M 12 None 160-280 Syncope Prop, quin 
33 14 F £ 4 None 120 None None 
34 9 F 5 None 140 None None 
35 16 M 3 None 170 Dizziness Prop, quin 
36 10 F 7 None 220 Dizziness Prop 
37 14 days M 0.5 None 150-170 None Prop 
38 8 M 4 None 120 None None 


SR tee pn a a EL. eens RENE PS d 
Al = aortic insufficiency; AS = aortic stenosis; AVR = aortic valve replacement; CHF = congestive heart failure; Dig = digoxin; MVP = mitral 
valve prolapse; MVR = mitral valve replacement; Palp = palpitations; Phen = phenytoin; Postop = postoperative; Proc = procainamide; PS = 


pulmonary stenosis; Quin = quinidine; s/p = status post; TAPVR = total anomalous 


VSD = ventricular septal defect; VT = ventricular tachycardia. 
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pulmonary venous return; ToF = tetralogy of Fallot; V = ventricle; 


TABLE Il 


Symptoms in Patients With Ventricular Tachycardia 

Heart Disease No Heart Disease 

Symptoms 
Death 


Cardiac arrest 
S 


NOOO 
0 eS e O 


Syncope 
Dizziness and/or 
lightheadedness 
Total patients 
with symptoms 


17 of 21 6 of 1 
(p <0.01) 


tetralogy of Fallot in four, myocarditis in three, pro- 
longed Q-T syndrome in three and other congenital 
heart lesions in six. Seventeen patients had no known 
heart disease. There were no significant differences 
between the patients with and without heart disease 
with regard to age at diagnosis of ventricular tachy- 
cardia (0.2 to 19 years [mean + standard error of the 
mean 9.8 + 2.5] versus 2 days to 16 years [mean 11.5 + 
3.2 years|); and duration of follow-up (0.4 to 10 years 
[mean 3.9 + 2.7] versus 0.5 to 12 years [mean 4.9 + 2.6]). 
There were three deaths in the patients with heart 
disease, all secondary to the underlying heart disease 
(severe congestive heart failure in Patients 6 and 20 and 
aortic stenosis [during aortic valve replacement] in 
Patient 17); there were no deaths in the patients without 
heart disease. 

Cardiac catheterization findings: Cardiac cathe- 
terization was performed in 24 of the 38 patients (19 of 
the 21 patients with and 5 of the 17 patients without 
underlying heart disease). Left ventricular asynergy was 
observed in all five patients with mitral valve prolapse. 
Left ventricular dysfunction, as documented by an 
ejection fraction of less than 50 percent, was present in 
all three patients with myocarditis. No abnormalities 
of left ventricular function or contraction pattern were 
noted in the five patients without heart disease. Selec- 
tive right and left coronary angiography ruled out the 
presence of abnormal coronary circulation in 10 of the 
patients. 
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FIGURE 1. Graph demonstrating the relation between symptoms and 
the rate of ventricular tachycardia (VT) at rest. The closed circles 
represent the patients (Pts) with heart disease (HD); the squares rep- 
resent the patients without known heart disease (NHD); the horizontal 
rules indicate mean values + standard error of the mean. 
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Symptoms due to ventricular tachycardia (Table 
II): Symptoms directly referable to the ventricular 
tachycardia were observed in 17 of the 21 children with 
and in 6 of the 17 children without heart disease (p. 
«0.01, chi-square = 6.7). The patients with underlying 
heart disease not only had more symptoms, but also 
their symptoms were more severe. Cardiac arrest re 
quiring cardiopulmonary resuscitation and cardiover : 
sion occurred in 5 of the 17 symptomatic children with 
heart disease and in none of the children without heart 
disease. Three of the patients without heart disease 


T 


(Patients 28, 31 and 32) had been followed up for 5, 6 
and 8 years, respectively, with asymptomatic ventricular. 
tachycardia before a syncopal episode developed. 
Like the presence of heart disease, the rate of ve - 
tricular tachycardia appears to be related to symptoms. 
(Fig. 1). Symptomatic patients had a significantly faster 
rate of ventricular tachycardia than that of the 
asymptomatic patients (220 + 28 versus 134 + 12 
beats/min) (p <0.01). All symptomatic patients, 
whether or not they had underlying heart disease, had 
rates of ventricular tachycardia greater than 150 
beats/min, whereas only one asymptomatic patient. 
(Patient 37, a 14 day old infant) had such a rate (Fig. 2). 








| 
pt #37 VT RATE 160 BEATS/min | 


FIGURE 2. Representative electrocárdiographic strips obtained from - 
three patients (pt) with ventricular tachycardia. Patient 4 has predom- | 
inantly normal sinus rhythm with a burst of ventricular tachycardia (VT) - 
at a heart rate of 215 beats/min. Patient 29 has a Holter monitor strip | 
that demonstrates ventricular tachycardia at 122/min. This patient has 
no known heart disease as documented by cardiac catheterization 
studies including ventricular and coronary angiography as well as normal 
M mode and two dimensional echocardiograms. Patient 37 is the 14 
day old infant with ventricular tachycardia at a rate of 160/min. This strip 
is from a Holter monitor recording with twice normal standardiza- 
tion. 
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[ABLE Ill 


symptoms Versus Results of Exercise Testing in 21 
children With Ventricular Tachycardia 


Symptomatic Asymptomatic 


$ (n = 11) p (n = 10) 
Vo change in PVCs 3 1 
ncrease in PVCs 8 <0.01 0 
Couplets 2 

VT 6 

Jecreased or abolished 0 «0.01 9 
PVCs 


. PVCs = premature ventricular complexes. 


The rate of the ventricular tachycardia varied in the 
same child with time; however, no symptomatic patient 
had a documented ventricular tachycardia rate of less 
than 150 beats/min, and only three of the asymptomatic 
patients (Patients 8, 21 and 37) had a rate greater than 
or equal to 150 beats/min. 

Exercise testing: Graded treadmill exercise testing 
was performed in 21 of the 38 children with ventricular 
tachycardia (Table III). Exercise testing increased the 
degree of ventricular arrhythmia in 8 of 11 symptomatic 
patients. Ventricular tachycardia was precipitated by 
exercise in six of these children (Fig. 3 and 4). Five 
children experienced symptoms with their exercise- 
induced ventricular tachycardia (dizziness in Patients 
3, 4, 28 and 31] and sustained ventricular tachycardia 
requiring cardioversion in Patient 18 (Fig. 4). Patients 
32 and 36 exhibited ventricular couplets during tread- 
mill exercise performed 0.5 to 2 years before the devel- 
»pment of symptomatic ventricular tachycardia. In 


REST 
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"IGURE 3. Patient 31. Exercise 

stress test in a patient with no 

cnown heart disease. Ventricular V5 
achycardia (VT) was provoked at 7 

ninutes of exercise and the rate of 
rentricular tachycardia increased 

rom 185 to 250 beats/min at 8 

ninutes of exercise. 


contrast to results in the symptomatic patients, tread- 
mill exercise testing decreased (5 patients) or abolished 
(4 patients) ventricular arrhythmia in 9 of 10 asymp- 
tomatic patients. Four of the asymptomatic patients 
(Patients 24 to 26 and 34) had short bursts of ventricular 
tachycardia at rest that were suppressed by exercise. 

Electrophysiologic data: Seven patients (Patients 
1, 4, 7 and 12 to 15) underwent an electrophysiologic 
study. Patient 7 had frequent spontaneous bursts of 
ventricular tachycardia that could be suppressed by 
atrial or ventricular pacing at a rate greater than 135 
beats/min. Programmed stimulation of the atrium 
failed to initiate ventricular tachycardia in all seven 
patients. 

Single or double spontaneous ventricular responses 
occurred after premature ventricular stimulation during 
ventricular pacing in Cases 12 to 15. In three of these 
patients intravenous administration of either procain- 
amide (Patients 13 and 15) or phenytoin (Patient 14) 
abolished the repetitive ventricular response. 

Antiarrhythmic therapy: This therapy was ini- 
tiated in 28 of the 38 children with ventricular tachy- 
cardia. Effectiveness of therapy was assessed with the 
combined use of 24 hour Holter monitoring and graded 
treadmill exercise testing in 14 children, and with 
multiple 24 hour Holter monitoring alone in 14. In 4 
(Patients 1, 3, 12 and 32) of the 14 children who un- 
derwent both exercise testing and Holter monitoring, 
the tachycardia appeared to be abolished on 24 hour 
Holter monitoring, but treadmill exercise still provoked 
the tachycardia. 

The results of the last 24 hour Holter and last 
treadmill test (when available) in 28 children on an- 
tiarrhythmic therapy are summarized in Table IV. 


EXERCISE EXERCISE 
7 MINUTES 8 MINUTES 


,, VT 2 185 BEATS/min | 


VT = 250 BEATS/min 
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Therapy eliminated symptoms and abolished ventric- 
ular tachycardia in all 28 symptomatic patients, but 
failed to abolish tachycardia in 2 of 5 treated asymp- 
tomatic patients (Cases 7 and 24). Only a few compli- 
cations of antiarrhythmic therapy were noted in the 28 
children; quinidine caused fever and diarrhea in patient 
18 and phenytoin caused gingival hypertrophy in Pa- 
tients 9 and 12. 

Antiarrhythmic agents: A wide spectrum of anti- 
arrhythmic agents have been used in our children with 
ventricular tachycardia. including propranolol, quini- 
dine, phenytoin, digitalis and procainamide. Certain 
drugs were more effective in specific groups of children. 
Propranolol alone eliminated symptoms and ventricular 
tachycardia in three children with mitral valve prolapse. 
However, in Patients 1 and 3, propranolol abolished 
ventricular tachycardia on 24 hour Holter monitoring, 
but exercise, still provoked the tachycardia. Only after 
the addition of quinidine was ventricular tachycardia 
effectively controlled. In the three patients with a pro- 
longed Q- T syndrome, the combination of propranolol 
and phenytoin effectively controlled symptoms and 
abolished ventricular tachycardia. 

Phenytoin appeared to be the antiarrhythmic agent 
of choice in our patients after repair of tetralogy of 
Fallot. Phenytoin alone abolished ventricular tachy- 
cardia and symptoms in Patients 13 to 15. In Patient 12, 
ventricular tachycardia was not completely eliminated 
by quinidine and digitalis, but was abolished with the 
addition of phenytoin. 


Discussion 


Prognosis: Limited information is available on the 
long-term follow-up and management of children and 
adolescents with ventricular tachycardia. It is clear from 
our study, as well as from previous reports,!-? that 
ventricular tachycardia may occur in children with or 
without evidence of heart disease. In our patients, three 
factors appeared to be helpful in predicting the prog- 
nosis of children with ventricular tachycardia: (1) the 
presence of underlying cardiac disease, (2) the rate of 
tachycardia, and (3) the response of the child to graded 
treadmill exercise. 

Role of underlying heart disease: Symptomatic 
ventricular tachycardia occurred more frequently in 
children with than in children without underlying heart 
disease. In addition, the children with heart disease not 
only had more symptoms, but also had more severe 
symptoms. Mitral valve prolapse, myocarditis and re- 
paired tetralogy of Fallot were the conditions most 
frequently associated with ventricular tachycardia. 
Pedersen et al.? also found that mitral valve prolapse 
was the most frequent underlying condition associated 
with ventricular tachycardia. Swartz et al.!! reported 
that ventricular tachycardia occurred in 37 of 589 adult 
patients with mitral valve prolapse (6.3 percent). Al- 
though the origin of arrhythmias in patients with mitral 
valve prolapse is unknown, Gooch et al.!? suggested that 
left ventricular asynergy may be partly responsible for 
the arrhythmias observed in patients with mitral valve 
prolapse. All five of our children with mitral valve pro- 
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. prognosis since two of their three patients who died had 


tricular tachycardia (rates less than 150 beats/min). The - 
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6 MINUTES of EXERCISE 


VT = 280 BEATS/min 
PT#18 








[— — — s SECONDS | 


FIGURE 4. Patient 18 (aortic insufficiency). A continuous lead II rh 
strip is displayed. Ventricular flutter at a rate of 280 beats/min devel- - 












oped after 6 minutes of treadmill exercise testing. During the tachy- 
cardia, the patient experienced hypotension, angina and chest pain. 5 
Cardioversion was required to terminate the ventricular tachycardia 


lapse and ventricular tachycardia had left ventricular 
asynergy (“ballerina foot pattern,"!? anterior convex 
bulging during late systole and early diastole). 

Role of rate of tachycardia: Our data also suggested 
that the rate of ventricular tachycardia affects the na- 
ture of the patient's symptoms. All of our symptomatic - 
patients, with or without heart disease, had ventricular 
tachycardia at rates greater than 150 beats/min. Three 
patients (Cases 28, 31 and 32) had asymptomatic ven- 
tricular tachycardia for 5 to 8 years at a rate of greater 
than 150 beats/min before a syncopal episode devel- 
oped. Others!^-!? have also reported the benign nature. 
of slow ventricular tachycardia and have chosen to call 
this condition accelerated ventricular rhythm rather 
than ventricular tachycardia.!4^-!? Pedersen et al.2 re- - 
ported that the rate of ventricular tachycardia influ- 
ences the nature of the patient's symptoms but believed. 
that a slower rate did not necessarily assure a good. 


ventricular tachycardia with a rate of 154 and 158 
beats/min, respectively. | 
Prognostic value of exercise testing: Finally, we 
observed that the response of patients to graded stress - 
exercise testing was useful in predicting the prognosis | 
in children with ventricular tachycardia. In the symp-- 
tomatic patient, exercise usually increased the degree 
of ventricular arrhythmia; in the asymptomatic patient, - 
exercise abolished the arrhythmia or decreased its de- 
gree. Ryan et al.!5 also demonstrated that exercise 
testing was useful in evaluatihg ventricular arrhythmia 
in adults with coronary ‘artery disease. In contrast, 
Pedersen et al.? did not find the results of stress testing i 
prognostically helpful in their patients with ventricular 
tachycardia, but did observe that exercise suppressed 
the ventricular tachycardia in patients with slow ven- 
| 
poor prognostic value of exercise testing in the study of | 
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TABLE IV 


Results of Antiarrhythmic Therapy in 28 Children With Ventricular Tachycardia 





IVA = couplets; IVB = ventricular tachycardia; Ging hyp = gingival hypertrophy; other abbreviations as in Table I. 
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x Drug Therapy Lown Classification 
Ventricular Ectopy 
Symptoms Agent and Plasma Years CT ENO Tee ny Symptoms 
} Pre Dose Drug Side on Last Last Post 
. Case Therapy (mg) Level Effects Medication Holter Treadmill Therapy 
E Patients With Heart Disease 
E 1 Arrest Prop, 20 qid yg None 2 wk Il IVB None 
P Prop, 20 qid 44 ng/ml None 2 l T 
E Quin, 200 qid 3 ug/ml None 
B 2 Syncope Prop, 20 qid Ms None 8 I d None 
3 Arrest Prop, 40 qid 49 ng/ml None 2 wk I IVB 
Prop, 40 qid 42 ng/ml None 
Quin, 300 qid 3.7ug/ml None e) Mt l None 
; 4 Syncope Prop, 20 qid Pis None 7 I | None 
t 5 Dizziness Prop, 20 qid 32 ng/ml None 6 Il None 
6 Arrest Quin, 50 qid 3.6 ug/ml None 2 | None 
Dig, 0.05 bid 1.1 ng/ml None Died CHF 
7 None Quin, 330 bid 3.1 ug/ml None 
Phen, 30 tid 15.2 ug/ml None 3 IVB 0 None 
Dig, 0.1 bid 1.8 ng/ml 
9 Arrest Prop, 20 qid None 1 IVB Syncope 
Prop, 20 qid None 5 0 None 
Phen, 50 tid Ging hyp 
10 Arrest Prop, 15 qid None 
Phen, 40 bid None 2 IVA None 
11 Syncope Prop, 20 qid y None 6 0 asd None 
12 Syncope Dig 0.125 bid 1.6 ng/ml None 1 I IVB None 
Quin, 200 qid 3.4 ug/ml None 
Dig, 0.125 bid 1.5 ng/ml None 
Quin, 200 qid 3.7 ug/ml None 3 | I None 
Phen, 100 tid 14.2 ug/ml Ging hyp 
13 Palp, dizziness Phen, 300 tid 17.8 ug/ml None 1 1 I None 
14 Palp, dizziness Phen, 100 tid gee None 3 | None 
15 Palp, dizziness Phen, 100 tid 15.6 ug/ml None 2 0 None 
17 Dizziness, angina Quin, 150 qid ires None 0.4 "T None 
Dig, 0.125 bid 1.8 ng/ml None i Died AVR 
18 Angina, dizziness, Quin 200 qid Fever, 0.2 II 
palp diarrhea N 
Proc, 375 qid 4.5 ug/ml None 8 0 Ii p 
19 Dizziness, palp Dig, 0.125 qid 2 ng/ml None 
Quin, 200 qid >, None 3 Ni Nono 
20 Syncope Dig, 0.06 bid None 1 "T None 
Quin, 50 qid A None Died CHF 
21 None Dig, 0.03 bid 1.4 ng/ml None 
Prop, 1.5 qid lang None o5 D Nonp 
Patients With No Heart Disease 
24 None Prop, 20 qid 49 ng/ml None 
Quin, 100 qid 3.8ug/ml None 3 ve V None 
27 None Prop, 20 qid E None 5 Il 0 None 
28 Syncope Prop, 40 qid 42 ng/ml None 2 I | None 
30 Dizziness, palp Prop, 20 qid None 
Quin, 200 qid eid None 2 L l None 
31 Syncope Prop, 40 qid 44 ng/ml None 3 Il | None 
32 Syncope Prop, 40 qid None 2 wk Ill IVB 
Prop, 40 qid None 
* Quin, 200 qid dis None 4 Mi li None 
35 Dizziness Prop, 30 qid 35 ng/ml None 
Quin, 200 qid 3.7ug/ml None 3 L None 
36 Dizziness Prop, 10 qid None 7 i | None 
37 None Prop, 1.75 qid None 0.5 I None 
| = less than 1 premature ventricular complex/min; Il = 1 premature ventricular complex/min; Ill = multifocal premature ventricular complexes; 


Pedersen et al.? may relate to both the small overall 
number of patients and the very small number of 
asymptomatic patients in their study. 

Effect of antiarrhythmic therapy: The majority 
of our children, with or without heart disease, are on 
some form of antiarrhythmic therapy. In our symp- 
tomatic children, antiarrhythmic therapy was effective 
in abolishing ventricular tachycardia, reducing ven- 
tricular arrhythmia and eliminating symptoms. How- 
ever, in the asymptomatic child, arrhythmia control 
appeared to be less effective. Although no double blind 
protocol was used to determine the best antiarrhythmic 
agent for treating children with ventricular tachycardia, 
certain drugs appear to be most effective in specific 
groups of children (propranolol in mitral valve prolapse, 
propranolol and phenytoin in prolonged Q-T syndrome 
and phenytoin in postoperative tetralogy of Fallot!?). 
We also found that the combined use of both 24 hour 
Holter monitoring and repeated graded treadmill ex- 
ercise testing was the best noninvasive means of eval- 
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uating drug effectiveness. Ryan et al.!? also reported 
that 24 hour Holter monitoring and graded treadmill 
exercise testing were complementary methods that di- 
vulged different information regarding the electrod 
physiologic state of the myocardium. More recently, w 
have also used electrophysiologic studies to evaluate 
drug efficacy. 

Clinical implications: Our data suggest that the 
presence of underlying cardiac disease, the rate of the 


ventricular tachycardia and the results of graded 


treadmill exercise testing are useful in predicting the 
prognosis of children with ventricular tachycardia. Al- 


though the long-term effects of chronic antiarrhythmic 


therapy in the growing child are not known, we cur- 
rently recommend antiarrhythmic therapy for all 
symptomatic patients with ventricular tachycardia and 
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- Propranolol: The Preferred Palliation for Tetralogy of Fallot 


The records of 35 infants with tetralogy of Fallot who received propranolol 
as palliative treatment to prevent hypoxemic spells were reviewed to 
examine the effectiveness and safety of this treatment. Propranolol was 
successful in eliminating spells for at least 3 months in 28 (80 percent) 
of the patients. Patients in whom the drug failed received a significantly 
smaller daily dose (1.2 versus 2.6 mg/kg, p <0.01), and were significantly 
younger when treatment with the drug was initiated (6.1 versus 11.3 
months, p 0.05). Further data analysis revealed that drug dose, rather 
than patient age, was the more significant factor. 

Cineangiograms of all patients were reviewed to determine if drug 
success or failure could be related to anatomy of the right ventricular 
infundibulum, main pulmonary artery or branch pulmonary arteries. There 
were no significant differences except that the diameter of the proximal 
right pulmonary artery was smaller in patients in whom treatment with 
propranolol failed but, even in this measurement, there was overlap be- 
tween the two groups. 

Patients in whom propranolol therapy was successful had a delay in 
operation by a mean of 13.1 months. The only toxic effect was congestive 
heart failure, which occurred in one patient at a dose of 4.0 mg/kg per 
day. Intracardiac repair was performed in 16 patients who were receiving 
propranolol, which was administered up to the morning of operation. There 
were two operative deaths, neither related to the use of propranolol. It 
is concluded that (1) propranolol was effective in preventing hypoxemic 
spells in 80 percent of infants with tetralogy of Fallot. (2) Its effectiveness 
might have been greater had larger doses been administered. (3) When 
effective, propranolol delayed surgical intervention by an average of 13 
months. (4) Propranolol did not affect surgical mortality of intracardiac 
repair. Treatment with propranolol (2 to 6 mg/kg per day) is recommended 
for all small infants with hypoxemic spells due to tetralogy of Fallot. 


Currently, there are three management alternatives available to the 
physician caring for the symptomatic infant with tetralogy of Fallot who 
has paroxysmal hypoxemic spells: (1) primary intracardiac repair, (2) 
aorticopulmonary anastomosis with delayed intracardiac repair, or (3) 
propranolol treatment with delay in intracardiac repair.! The choice 
between primary repair or anastomosis with delayed repair has been 
debated in publications during the past 2 years with divergent opin- 
ions.?-4 

If primary intracardiac repair in the young infant can be accomplished 
with a low mortality rate, then this is preferable to the risk and the po- 
tential ill effects of anastomosis such as anatomic distortion of the pul- 
monary arteries or pulmonary vascular disease. However, there are only 
a few centers where primary repair of tetralogy of Fallot can be accom- 
plished with a low mortality rate in patients less than 1 year of age. By 
contrast, primary repair in children older than 2-3 years is almost rou- 
tinely accomplished in most centers. For centers in the second category, 
it would be desirable to provide palliation for these infants, eliminate 
their hypoxemic spells and delay repair. 

Thus we consider the third management choice, which is adminis- 
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tration of propranolol. For the last 15 years, propranolol 
has been used to alleviate paroxysmal hypoxemic 
spells.?9 Its mechanism of action involves a complex 
interaction among multiple factors including increase 
in peripheral resistance, depression of myocardial 
contractility,’ prevention of tachycardia? and shift in 
the hemoglobin-oxygen dissociation curve, increasing 
the availability of oxygen to the tissues.? Despite early 
widespread successful experience with propranolol, 
there have been reports of its failure to eliminate hy- 
poxemic spells!?-!? as well as reports of death immedi- 
ately after cardiac surgery in patients who had been 
receiving it.1?-1? We had not found these problems with 
our patients and we therefore decided to review our 
experience with propranolol in the treatment of infants 
with tetralogy of Fallot. It was our specific purpose to 
determine if failure with propranolol could be related 
to the age of the patient, the dose of propranolol ad- 
ministered or the anatomic severity of the outflow ob- 
struction and to determine if prior treatment with 
propranolol affected the mortality of intracardiac re- 
pair. 


Methods 


Patients: We reviewed the records of 35 infants with te- 
tralogy of Fallot (excluding those with congenital pulmonary 
atresia) who received oral propranolol for the treatment of 
paroxysmal hypoxemic spells between 1970 and 1979. A spell 
was diagnosed by a typical history of increasing cyanosis, 
hyperpnea and agitation, terminating in fatigue or loss of 
consciousness. Two patients had a prior aorticopulmonary 
anastomosis that had ceased to function. The others had no 
cardiac operation. No patient had a patent ductus arteriosus. 
Infants included in the study received the drug for at least 2 
weeks. Propranolol effectiveness was defined as a cessation 
of paroxysmal hypoxemic spells for 3 months or longer. 

Propranolol administration: In 30 of the 35 patients, an 
oral suspension of propranolol (10 mg/ml, Ayerst Pharma- 
ceuticals) was administered. Commercially available tablets 
were given to five patients. The initial total daily dose of oral 
propranolol ranged from 0.5 to 1.5 mg/kg body weight (0.125 
to 0.375 mg/kg every 6 hours). This was increased according 
to the growth of the child and the recurrence of spells. Once 
the dose exceeded 10 mg every 6 hours, propranolol tablets 
were used. We previously reported the similar effectiveness 
of the liquid and the tablet preparations.!9 The dose reported 
in this study was that being given when administration of the 
drug was discontinued or when the study period ended. In 
patients whose serum propranolol concentration was deter- 
mined, the blood sample was obtained 6 hours after the last 
dose given. The propranolol concentration was measured 
fluorometrically by a double extraction method. 

Cardiac catheterization: This procedure was performed 
in each patient before administration of propranolol. Each 
patient was sedated with meperidine (2 mg/kg) and pro- 
methazine (1 mg/kg). The blood hemoglobin concentration 
was measured the night before catheterization. Systemic ar- 
terial blood oxygen saturation was measured with the patient 
quiet before angiography. The cineangiocardiograms were 
reviewed and the following data were obtained: The right 
ventricular end-diastolic volume index (right ventricular 
end-diastolic volume/m?) and right ventricular ejection 
fraction index were calculated from the posteroanterior and 
lateral projections using Simpson's rule.!? The left ventricular 
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end-diastolic volume index and ejection fraction were caleu 
lated from the posteroanterior projection using an area-lengtl 
method.!5 All other measurements were obtained in dias 
tole. | 
The proximal and distal right and left pulmonary arterie 
were measured on the posteroanterior projection (Fig. 1). h 
patients whose proximal left pulmonary artery was obscure¢ 
from view in this projection, the relative size of this artery wa 
compared with that of the distal left pulmonary artery in thi 
hepatoclavicular view and this proportion was used to esti 
mate the size of the proximal left pulmonary artery in thi 
posteroanterior projection. In the lateral projection in diastole 
the infundibular length and width, pulmonary valve anulus 
main pulmonary artery, ascending aorta and descending aorté 
at the diaphragm were measured (Fig. 1). The infundibulun 
closed completely (infundibular width = 0) in most patient 
during systole; therefore, the systolic infundibular width was 
not included as a differentiating measurement. To allow foi 
comparison among patients, all measurements except those 
for ventricular volume and ejection fraction were normalizec 
for the width of the descending aorta at the diaphragm. Foi 
example, if the descending aorta measured 14 mm on the 
projection screen and the main pulmonary artery measurec 
16 mm, a ratio of the main pulmonary artery to the aorta 9) 
1.14 was recorded. 1 
Statistics: Statistical analysis comparing continuous 
variables of patients in whom the drug was successful and 
unsuccessful were performed using Student's t test for un- 
paired data. Statistical significance was inferred if the prol 
ability of the difference occurring by chance was 0.05 01 


less. | 


Results 


The age of the patients ranged from 2 to 30 months 
(mean 10.2) when treatment with propranolol was 
started. The mean duration of treatment was 11. 
months (range 1 to 35). The final dose of propranolo 
averaged 2.3 mg/kg per day (range 0.8 to 5.0). When w 
used this dose hypoxemic spells stopped for 3 months 
or longer in 28 (80 percent) of the 35 patients. The mean 
hemoglobin concentration was 17.1 g/dl and the mea 
systemic arterial blood oxygen saturation was 79.1 
percent. Neither the hemoglobin concentration nor the 
oxygen saturation differentiated patients in whon 
propranolol succeeded from those in whom it failed. 

Age at initiation of treatment: Patients in whon 
propranolol therapy was successful were significantl 
older when treatment with the drug began. The me 
(+ standard error of the mean) age of the patients whose 














successful in all patients who were older than 12 mont 
when treatment began. ( 

Dose of propranolol: Treatment success was asso 
ciated with a larger mean daily dose of propranolol (2.55 
+ 0.27 mg/kg) than that tn patients in whom treatment 
was unsuccessful (1.16 + 0.15 mg/kg per day) (p <0.01) 
(Fig. 3). Treatment was successful in each patient who 
received a total dose of more than 2.0 mg/kg per day. | 

To determine whether the patients' age or the dose 
was the more important factor, we compared the dose 
received by the seven patients in whom propranolol 
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FIGURE 1. Cineangiographic measurements of pulmonary arteries, outflow tract and 
aorta in tetralogy of Fallot. A, posteroanterior view of right ventricular injection (diastolic 
frame) showing the site of measurement of the pulmonary arteries. In this patient, the 
measurement of proximal right pulmonary artery/aorta ratio — 0.78. B, lateral view of 
right ventricular injection (diastolic frame) showing the site of measurement of the outflow 
tract. C, lateral view of an aortic root injection (diastolic frame) showing the sites of 
measurement of the ascending (Asc.) and descending (Desc.) aorta (Ao). All other 
measurements in the patient are normalized to that of the descending aorta. ANN — 
pulmonary valve anulus; Dist LPA and Dist RPA = distal left and right pulmonary artery, 
| Women respectively; | length and | width = infundibular length and width, respectively; MPA = 
le Ec main pulmonary artery; Prox LPA and Prox RPA = proximal left and right pulmonary artery, 
a respectively. 


failed with that taken by the seven youngest patients 
in whom the drug was successful. In this way, the effect 
of the young age in those in whom the drug was unsuc- 
cessful was negated and the influence of dose could be 
compared in the two groups. The age range in the group 
without improvement was 2 to 12 months compared 
with 2 to 6 months in the group with improvement. The 
age of the patients in the two groups was not signifi- 
cantly different. However, the youngest patients in 
whom the drug was successful received a significantly 
larger mean dose (2.9 + 0.5 mg/kg per day) than that of 
the patients in whom the drug was unsuccessful (1.2 + 
0.2 mg/kg per day) (p <0.001). Therefore, propranolol 
was effective in younger patients so long as the dose was 
adequate. 
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Serum concentration of propranolol: Accurate 
determination of serum propranolol concentration was 
possible at Texas Children's Hospital only during the 
last 2 years of the study. Therefore, serum concentration 
data were available in only 25 percent (9 of 35) of the 
patients: 6 in the group with and 3 in the group without 
improvement. The former patients had a significantly 
higher serum concentration (mean 103.3 ng/ml, range 
32 to 168) than the latter (mean 13.3 ng/ml, range 6 to 
20) (p «0.025). The three children in the study with 
Down's syndrome were each in the group with im- 
provement and each had a determination of serum 
propranolol concentration. The serum concentrations 
with the optimal dose for these three patients ranged 
from 96 to 132 ng/ml at a dose range of 3.0 to 4.0 mg/kg 
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Success Failure 


FIGURE 2. Age at beginning of propranolol therapy. Values for patients 

in whom propranolol therapy was successful are shown at left and for 

those in whom it failed at right. The mean values (solid bars) are sig- 0 
nificantly different in the two groups. p — probability. 
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FIGURE 3. Dose of propranolol at end of the study. The doses for pa 
tients in whom propranolol therapy was successful are shown at le 
and those for patients in whom it failed at right. The mean values (sol 
bars) are significantly different. 
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FIGURE 4. Morphologic findings from cineangiocardiograms. The normalized values for infundibulum, main pulmonary artery, proximal right and 
proximal left pulmonary arteries are shown for patients in whom propranolol therapy was successful and for those in whom it failed. The mean 
values (solid bars) are significantly different only for the normalized proximal right pulmonary artery. INFUNDIB/Ao = infundibulum to aorta ratio; 
LPA/Ao = proximal left pulmonary artery to aorta ratio; MPA/Ao = main pulmonary artery to aorta ratio; RPA/Ao = proximal right pulmonary artery 
to aorta ratio. 
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per day. Therefore, none of these three patients with 
Down's syndrome had an excessively high serum con- 
entration in relation to the dose received. 

“Morphologic features: Comparison of the ventric- 

ular volume data, the size of the outflow tract and di- 
a meter of the pulmonary arteries revealed marked 
Beerlap in values for the patients with and without im- 
provement (Fig. 4). Among the comparisons of the 13 
atomic measurements, only the size of the proximal 
right pulmonary artery was significantly different in the 
two groups. In the patients with improvement, the 
normalized right pulmonary arterial diameter was sig- 
nificantly larger than that in the group without im- 
provement. But the overlap between the two groups 
using right pulmonary arterial diameter precluded use 

f this variable to predict response of the individual 
E to propranolol (Fig. 4 and 5). 

In the two patients with a nonfunctioning prior aor- 
ticopulmonary anastomosis, propranolol stopped the 
1ypoxemic spells. One of the two had acquired pulmo- 
nary valve atresia and the other had acquired left pul- 
monary arterial atresia from a Potts' anastomosis. 

-. Duration of propranolol success (Fig. 6): Treat- 
ment with the drug continued to be successful in these 
patients for a mean of 13.1 months. In 10 patients, ad- 
ministration of propranolol was discontinued because 
of a reappearance of hypoxemic spells. Administration 
of the drug was discontinued in 6 asymptomatic patients 
at the time of elective operation, and 11 patients without 
hypoxemic spells were still continuing to receive it at the 
$ fme of data collection for this study. 

Age at operation: We compared the age at the first 
B rate intervention (aorticopulmonary anastomosis 
or intracardiac repair) after initiation of propranolol 
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FIGURE 5. Cineangiocardiogram (diastolic frame) of the posteroanterior 
view of right ventricular injection in a patient with tetralogy of Fallot and 
stenosis of the proximal left pulmonary artery. The proximal left pul- 
monary artery (LPA) to aorta ratio is 0.27 and the proximal right pul- 
monary artery (RPA) to aorta ratio is 0.40. Compare with Figure 1A. 


therapy in patients in whom propranolol therapy was 
and was not successful (Fig. 7). The patients in whom 
propranolol was effective were significantly older (23.5 
+ 1.8 months) when they underwent operation than 
were those in whom propranolol was ineffective (7.7 + 
1.4 months) (p «0.001). 

Final status: Propranolol toxicity developed in 1 of 
the 35 patients. Congestive heart failure developed in 
this 18 month old infant who was receiving 4 mg/kg per 
day. In the group of 28 patients in whom propranolol 
therapy was successful, two had subsequent aortico- 
pulmonary anastomosis (including the one patient with 
congestive heart failure due to propranolol) and 15 had 
intracardiac repair (Fig. 8). In each patient who un- 
derwent intracardiac repair, administration of pro- 
pranolol was continued until immediately before the 
operation. There was one postoperative death due to 
uncontrolled hemorrhage. In one patient sinus tachy- 
cardia developed in the immediate postoperative period, 
possibly as a result of a rebound phenomenon after 
discontinuation of propranolol therapy. Consideration 
was given to reinstituting small dose propranolol ther- 
apy, but because the sinus tachycardia was not hemo- 
dynamically significant, it was not treated and resolved 
spontaneously within 24 hours. Eleven of the 28 patients 
continue to have no spells while receiving propranolol 
therapy and are awaiting intracardiac repair. 

Among the seven patients in whom propranolol 
therapy failed, two had aorticopulmonary anastomosis 
and five had intracardiac repair. The one operative 
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FIGURE 6. Histogram of the duration of success of propranolol therapy 
in 28 patients. Not shown are the seven patients in whom propranolol 
failed. The final status of the patients is shown by the shaded boxes: 
10 patients had recurrence of hypoxemic spells and required operation 
an average of 13.2 months after starting propranolol therapy; 7 patients 
had no recurrence of spells but underwent elective operation a mean 
of 12.0 months after the start of propranolol therapy and 11 patients 
were free of spells and still taking propranolol a mean 16.7 months after 
treatment with the drug was begun. 
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FIGURE 7. Age at operation in 24 patients who were treated with pro- 
pranolol and were subsequently treated surgically (either aorticopul- 
monary anastomosis or intracardiac repair). The mean age at operation 
for the group in whom propranolol therapy was successful (arrow) was 
significantly higher than that of the group in whom it failed (arrow- 
head). 


death in this group was in a 4 month old infant in whom 
the right ventricular outflow obstruction could not be 
satisfactorily relieved. 


Discussion 


Propranolol As Effective Palliation 


Effect of age and dose on serum concentration: 
Propranolol was effective in preventing paroxysmal 
hypoxemic spells for at least 3 months (average 13.1) in 
80 percent of patients with tetralogy of Fallot. Our 
success rate equals that of Ponce et al.9 The additional 
aspect of this study provides a search for the cause of the 
propranolol failures. Patients in whom propranolol 
failed were younger when therapy was started and had 
a smaller dose administered, but the more important 
factor was the dose. Therefore, the effectiveness of 
propranolol might have been increased if a larger dose 
had been used. Because the serum concentration varies 
widely among different patients given the same dose, 
it is helpful to monitor the serum concentration. We did 
not find that children with Down's syndrome had a 
particularly high serum concentration for a given dose 
of propranolol and we are therefore unable to confirm 
the suggestion by Ponce et al. that such children have 
defective propranolol metabolism. The “therapeutic 
range" of propranolol serum concentration is 40 to 90 
ng/ml.!? However, Pickoff et al.2° demonstrated a lack 
of toxicity in children given propranolol in doses as large 
as 16 mg/kg per day, with serum concentrations in ex- 
cess of 300 ng/ml. Therefore the best use of the serum 
concentration is to be sure the drug is being absorbed 
rather than to consider a serum concentration greater 
than 90 ng/ml as toxic. Signs of toxicity are better 
monitored through periodic examination of heart size 
on chest radiography, cardiac contractility on echo- 
cardiography and heart rate on ambulatory monitoring. 
Other potential complications of propranolol therapy 
are bronchospasm and hypoglycemia.® Blood sugar 
determinations were not performed in this group of 
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FIGURE 8. Final status of patients who received propranolol. ICR = _ 
intracardiac repair. 
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patients, but in determinations performed as part of a 
research protocol in patients taking propranolol for 
arrhythmias, we found no tendency to hypogly- 
cemia.?! 

Role of severe right ventricular outflow ob- | 
struction: One other possible cause of propranolol : 
failure which has been suggested is severe right ven- - 
tricular outflow obstruction at the infundibular, val- ] 
vular or pulmonary arterial level.???? Although we did 
find that the relative size of the right pulmonary artery - 
was significantly smaller in the group in whom pro- - 
pranolol therapy failed, there was so much overlap that — 
this variable had little predictive value in an individual : 
patient. The success of propranolol in two patients, one - 
with pulmonary valve atresia and the other with left - | 
pulmonary arterial atresia, as well as reported success 
in patients with tricuspid atresia, e suggests that, al- - 
though reduction of infundibular narrowing may play 
a role in some patients, the specific anatomy of the de- 
fect may not be universally important in propranolol 
success. | 

Other factors: While the young patient age and - 
small doses of propranolol could account for failure of © 
propranolol therapy, other unknown factors affecting 
the balance of pulmonary and systemic resistance in the | 
awake child could also account for such failure. We do 
not expect the drug to be effective in all patients but 
would ‘predict greater success if a dose of at least 2 
mg/kg per day is used. 


as eee ea ee PME 


Propranolol As the Preferred Palliation 


In all institutions, the operative mortality of intra- - 
cardiac repair of tetralogy of Fallot is dependent on age. - 
In a very few institutions, repair can be accomplished 
with a similar low mortality rate at any age after 3 
months. For most patients served by these institutions, 
palliation is irrelevant. Only 2 of our 35 patients with 
tetralogy of Fallot required treatment before 3 months - 
of age. It appears that only a small number of patients 
actually require intervention before age 3 months. 

Effect on operative mortality: In our institution, | 
the mortality of intracardiat repair of tetralogy of Fallot | 
decreases sharply after age 18 months.! Therefore, for 
our patients, palliation is quite relevant. The operative — 
mortality of aorticopulmonary anastomosis and the 
long-term effects of anastomosis such as anatomic dis- 
tortion of thé pulmonary arteries or pulmonary vascular 
disease must be considered. In this study, we have 
demonstrated that there is no increased risk of death 
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associated with propranolol treatment, either during 
treatment or in the immediate postoperative period. We 
considered it important to continue propranolol therapy 
1p to the time of operation to avoid the reappearance 
 Xff hypoxemic spells. This practice was not associated 
with postoperative low cardiac output or brady- 
Eus. 

= Propranolol versus aorticopulmonary anasto- 
mosis: In order for aorticopulmonary anastomosis to be 
as preferable as propranolol, there must be no operative 
mortality and no long-term sequelae. We recently used 
à decision analysis approach to this problem! and de- 
termined that in our institution propranolol is the 
referred treatment in infants less than 18 months of 
ge. The present study provides data permitting for 
ther institutions to compare the safety and effective- 
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ness of propranolol palliation with other modes of 
therapy for tetralogy of Fallot. 


Recommendations 


In centers in which the operative mortality rate of 
intracardiac repair of tetralogy of Fallot is high in small 
infants, propranolol provides the preferred method of 
palliation. If the initial oral dose of 1 mg/kg per day (0.25 
mg/kg every 6 hours) is ineffective in the 1st week of 
treatment, the drug should be increased in increments 
of 1 mg/kg per day to a maximum of 5 mg/kg per day, 
allowing 24 hours at each new dose. If the patient has 
initial control of spells and then becomes refractory, the 
dose may be increased slowly to a maximum of 10 to 15 
mg/kg per day with frequent monitoring of heart size, 
heart rate and cardiac contractility. 
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Left ventricular volume variables (left ventricular end-diastolic volume, 
ejection fraction, mass and systolic output) were quantified in (1) 13 
patients with tricuspid atresia preoperatively (type la, 3 patients; type Ib, 
9 patients; type llb, 1 patient), (2) 4 patients after a shunt procedure 
(Blalock-Taussig, 3; Glenn, 1), and (3) 1 patient after corrective surgery. 
Cardiac catheterization and angiography were performed at age 1 month 
to 5.8 years (mean 1.4 years). All patients had decreased pulmonary blood 
flow. The results were compared with data in 15 patients with no signifi- 
cant heart disease. Left ventricular end-diastolic volume was significantly 
greater than normal in 12 of the 13 patients. Left ventricular mass was 
significantly greater than normal, but ejection fraction was significantly 
less than normal. There was a positive correlation between ejection 
fraction and systemic oxygen saturation. Left ventricular systolic index 
was normal in 9 of the 13 patients preoperatively. After a shunt procedure, 
left ventricular end-diastolic volume and systolic index increased signif- 
icantly in all four patients, and ejection fraction improved greatly in three 
of the four. After corrective surgery, left ventricular end-diastolic volume 
and left ventricular systolic index returned to the normal range and left 
ventricular ejection fraction improved. These findings suggest that patients 
with tricuspid atresia have impaired left ventricular function. 


The entity of tricuspid atresia includes a spectrum of malformations with 
three common features: (1) atresia of the right atrioventricular valve 
(2) interatrial communication and obligatory right to left shunt, and (3) 
underdevelopment of the right ventricle. The anomaly is uncommon but 
not rare.! Most patients with tricuspid atresia have decreased pulmonary 
blood flow, and it is unusual for these patients to survive the Ist year oi 
life without palliative surgery.? The purpose of this study was to evaluate 
left ventricular volume and mass in patients with tricuspid atresia anc 
to quantify the effect of palliative or corrective surgery on these vari. 
ables. 


Methods 


Study patients: All data were obtained during routine diagnostic cardiac 
catheterization in 13 infants and children with tricuspid atresia. Patients were 
classified according to the modified Keith's classification? (type Ia, 3 patients 
type Ib, 9 patients; and type IIb, 1 patient). All patients had diminished pul- 
monary blood flow. The age of the patients at the time of cardiac catheterizatior 
ranged from 1 month to 5.8 years (mean 1.4 years). Arterial oxygen saturatior 
ranged from 12 to 79 percent and averaged 54 + 21 percent (mean + standard 
deviation). Four patients had cardiac catheterization both before and after 2 
shunt procedure (three Blalock-Taussig anastomoses, one Glenn procedure). 
and one patient after corrective surgery by the method of Henry and Dan- 
ielson.? 

Left ventricular volume and mass determinations: Biplane angiograms 
were filmed in the anteroposterior and lateral projections at 6 frames/s after 
injection of contrast material (diatrizoate 65 percent, 1.5 ml/kg body weight) 
into the left atrium or left ventricle. A signal indicating the exposure time was 
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Fecorded simultaneously with the electrocardiogram. Films 
exposed during or after a premature ventricular contraction 
were excluded from the analysis. Left ventricular volumes 
were calculated according to the area-length method of Dodge 
et al.^ Left ventricular mass was measured by the method 
described by Rackley et al.’ Left ventricular volume and mass 
data were normalized for body surface area and expressed in 
ml/m? and g/m? respectively. Normal values for left ventric- 
ular volume measurements and mass were derived from 
studies of 15 patients with no significant heart disease.? Left 
ventricular end-diastolic volume was also expressed as a 
percent of the predicted normal value using the regression 
equation. Statistical analysis was performed utilizing Stu- 
dent's ¢ test. | 
















Results 


1 Preoperative data: Table I shows volume data and 
systemic oxygen saturation levels in each of the 13 pa- 
ients. Figure 1 shows left ventricular end-diastolic 
volume corrected for body surface area as a function of 
body surface area. Left ventricular end-diastolic volume 
was greater than normal in all but one patient with tri- 
cuspid atresia. Eleven patients had a significantly in- 
creased left ventricular mass (Fig. 2). Left ventricular 
mass/volume ratio in these patients was not signifi- 
cantly different from that of the normal group (Table 
D. Left ventricular ejection fraction in patients with 






1 
; 

f- 

d " BLE I 
i 


tricuspid atresia (0.56 + 0.09) was significantly (p < 
0.001) less than the normal value of 0.69 + 0.04 (Fig. 3). 
The preoperative left ventricular systolic index obtained 
by the angiographic method was within the normal 
range in nine patients, and was significantly increased 
in four (Fig. 4). 

Postoperative data: Figure 5 shows volume data 
available both before and after surgery in four patients. 
Patients 3 and 4 had cardiac catheterization 1 year after 
the Blalock-Taussig anastomosis, and Patient 2 was 
examined 2 years after the Glenn procedure. In these 
three patients, both left ventricular end-diastolic vol- 
ume and left ventricular ejection fraction increased 
significantly after the surgical shunt. In Patient 1, car- 
diac catheterization was performed 8 years after the 
Blalock-Taussig shunt. Left ventricular end-diastolic 
volume increased, but left ventricular ejection fraction 
did not change in this patient’s second study. However, 
2 months after corrective surgery, left ventricular end- 
diastolic volume returned to the normal range and left 
ventricular ejection fraction was improved. The left 
ventricular systolic index increased greatly after the 
surgical shunt and returned to the normal range after 
corrective surgery (Fig. 4). 

Regression analysis of data: To clarify the factors 
that might affect left ventricular end-diastolic volume 


Preoperative and Postoperative Cardiac Catheterization Data 
LVEDV 
E Age O2 
. Case (yr) BSA sat mi/m? 96 Normal LV Mass LV M/V LVEF LVSI 
Preoperative Data 
1 3.6 0.48 61 95 167 92 0.97 0.49 5.16 
2 1.0 0.38 "id 95 177 76 0.80 0.48 4.35 
3 3 2.7 0.50 74 133 231 87 0.65 0.55 8.66 
4 5.8 0.72 79 94 145 71 0.76 0.59 4.90 
x 5 8.0 mo 0.37 59 74 139 81 1.09 0.67 5.69 
, 6 5.0 mo 0.30 52 88 172 71 0.81 0.56 5.87 
7 9.0 mo 0.35 36 72 137 99 1.38 0.59 4.34 
[ 8 4.0 mo 0.30 40 65 127 87 1.34 0.60 4.33 
1 9 9.0 mo 0.35 35 62 118 77 1.24 0.44 3.57 
: 10 4.0 mo 0.30 66 73 143 65 0.89 0.61 5.41 
b 11 1.0 mo 0.20 12 69 144 85 1.23 0.39 3.31 
| 12 8.0 mo 0.35 33 118 223 126 1.07 0.55 8.47 
d 13 1.3 0.44 78 92 165 82 0.89 0.72 7.98 
_ Mean 1.4 0.39 54 87 161 85 1.01 0.56 5.54 
+ SD 1.7 0.13 21 21 34 16 0.24 0.09 1.78 
E Postoperative Data 





è Normal Data (15 control subjects) 





: 0.81 ° 68 66 0.98 0.69 4.33 
+SD 5.2 0.40 14 17 0.15 0.04 0.67 


* Eight years after Blalock-Taussig anastomosis. ! Two months after corrective surgery. * Two years after Glenn anastomosis. 5 One year after 
Blalock-Taussig anastomosis. 
. BSA = body surface area (m?); LVEDV = left ventricular end-diastolic volume; LVEF = left ventricular ejection fraction; LV mass = left ventricular 
mass (g/m?); LV M/V = left ventricular mass/ end-diastolic volume ratio; LVSI = left ventricular systolic index (liters/min per m?); Op sat = systemic 
oxygen saturation (96 ). 
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FIGURE 1. Left ventricular end-diastolic volume (LVEDV) corrected for 
body surface area as a function of body surface area in 13 patients with 
tricuspid atresia and 15 control subjects. The solid and dashed lines 
indicate, respectively, the regression line and 2 standard deviations of 
normal (LVEDV [ml/m?] = 32.3 [BSA] + 41.4 + 12.0). 


and left ventricular ejection fraction, regression analysis 
was performed. Figure 6 shows a positive correlation 


between left ventricular end-diastolic volume (ex- 


pressed as a percent of normal) and systemic oxygen 
saturation (r = 0.57, p < 0.02). In addition, there was a 
positive correlation between left ventricular ejection 
fraction (LVEF) and systemic oxygen saturation (r = 
0.58, p < 0.02) (Fig. 7). Multiple regression analysis 
using both age and systemic oxygen saturation as in- 
dependent variables showed a more significant corre- 
lation (LVEF = 0.39 — 0.01 age [yr] + 0.004 O» satura- 
tion [%]; r = 0.65, p < 0.01). There was no correlation 
between left ventricular ejection fraction and left ven- 
tricular end-diastolic volume expressed as a percent of 
normal (r = 4 X 1074). 


Discussion 


In tricuspid atresia, systemic venous blood passes 
through an interatrial communication to the left atrium, 
and both pulmonary and systemic blood enter the left 
ventricle by way of the mitral valve. The left ventricle 
is the major pumping chamber and supplies, directly or 
indirectly, both systemic and pulmonary circulations. 
Fontan and Baudet? devised a surgical procedure that 
diverts all the right atrial blood into the pulmonary 
trunk. This procedure has been performed success- 
fully!?-!? and selection criteria for corrective surgery 
must include left ventricular volume and function.!? 
Thus, it is essential to have a better understanding of 
left ventricular function in this anomaly. However, only 
limited information on left ventricular function is 
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FIGURE 2. Left ventricular (LV) mass corrected for body surface area. 
as a function of body surface area. The solid and dashed lines indicate, 
respectively, the regression line and 2 standard deviations of normal. 
(LV mass [g/m?] = 36.7 [BSA] + 36.7 + 18.0). 


available in these patients.!^!^ The purpose of this 
study was to quantify left ventricular volume variables: 
in patients with tricuspid atresia and to delineate the 
effect of palliative or corrective surgery on left ven- 
tricular function. 

Left ventricular volumes and effect of surgery: 
'The patients included in our study had either pulmo- 
nary atresia or very severe pulmonary stenosis with 
hypoplastic right ventricle. Their left ventricular end- 
diastolic volume was significantly greater than normal, 
an expected finding because the left ventricle receives 
both pulmonary and systemic venous blood. Further- 
more, we found that end-diastolic volume correlated 
with systemic oxygen saturation (Fig. 6). Because oxy- 
gen saturation is dependent on the ratio of pulmonary 
to systemic blood flow, this observation indicates that 
left ventricular end-diastolic volume is partially de- 
pendent on pulmonary blood flow in patients with tri- 
cuspid atresia. The significant increase in end-diastolic 
volume after the Blalock-Taussig shunt also indicates 
that a significant increase in pulmonary blood flow in- 
creases left ventricular volume. In patients with the 
Glenn shunt, systemic venous blood returning from the 
superior vena cava is directed to the lungs and then 
enters the left atrium. This suggests that left ventricular 
volume should remain unchanged. In fact, the Glenn 
shunt increases total pulmonary blood flow and there- 
fore increases blood returning from the pulmonary veins 
to the left atrium by an amount equal to that directed 
from the superior vena cava to the lungs. Because sys- 
temic flow does not change after the Glenn shunt as a 
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_ FIGURE 3. Comparison of left ventricular ejection fraction (LVEF) in 
patients with tricuspid atresia and control subjects. N = number of 
_ patients; P = probability; X = mean. 
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| result of autonomic regulation, the sum of systemic and 
- pulmonary blood flows should increase after a Glenn 
shunt procedure. This explains the significant increase 
.in left ventricular end-diastolic volume in the patient 
^ with the Glenn shunt. After the Fontan corrective 
. procedure the left ventricle receives pulmonary flow 
only. Thus, we might expect a decrease in left ventric- 
- ular end-diastolic volume. Indeed, in the patient with 
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FIGURE 4. Left ventricular systolic index (LVSI) in patients with tricuspid 
atresia measured preoperatively (Preop) and after a shunt procedure 
(Postshunt) or corrective surgery (Postcorrection). The shaded area 
indicates the mean +2 standard deviations of normal. 
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FIGURE 5. Left ventricular ejection fraction (LVEF) plotted against left 
ventricular end-diastolic volume (LVEDV) corrected for body surface 
area in four patients before and after a surgical shunt and corrective 
surgery. Abbreviations as before. 


corrective surgery left ventricular end-diastolic volume 
returned to normal. 

Left ventricular mass: Left ventricular mass was 
increased in all but two patients preoperatively. Fur- 
thermore, the left ventricular mass/volume ratio was 
normal. This indicates that left ventricular hypertrophy 
was proportional to left ventricular volume overload. 
Under these circumstances, one might expect left ven- 
tricular wall stress to be normal. 

Left ventricular systolic output: In tricuspid 
atresia, left ventricular systolic output is the sum of both 
systemic and pulmonary blood flows. However, left 
ventricular systolic index was in the normal range in 9 
of 13 patients preoperatively in spite of increased left 


300 





e Preop 4 
LVEDV o Postshunt 
% 
NORMAL à 
e 
200 
o Y=105 + 123 
r= 0.57 
a P< 0.02 
50 100 


05 Saturation % 


FIGURE 6. Relation of left ventricular end-diastolic volume (LVEDV) 
expressed as a percent of normal to systemic oxygen saturation (Oz 
saturation) in patients with tricuspid atresia before and after a surgical 
shunt. p — probability; r — correlation coefficient; other abbreviations 
as before. 
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ventricular end-diastolic volume. The normal left 
ventricular systolic index can be explained by the de- 
pressed ejection fraction in these patients. It is not 
surprising that left ventricular systolic index increased 
significantly after a surgical shunt and this increase is 
caused by the increased left ventricular end-diastolic 
volume and improved left ventricular ejection fraction. 
As might be expected, left ventricular systolic index 
returned to normal after the Fontan procedure (Fig. 
4). 

Left ventricular ejection fraction: Before we dis- 
cuss left ventricular ejection fraction, we must consider 
the various hemodynamic factors that affect this vari- 
able. The ejection fraction depends not only on myo- 
cardial contractility, but also on heart rate, preload and 
afterload.!96-!5 The increase in left ventricular end- 
diastolic volume has two effects. First, an increase in 
muscle length (increased preload) usually causes an 
increase in left ventricular ejection fraction. Second, the 
increase in left ventricular end-diastolic volume also 
increases left ventricular wall stress. This increased wall 
stress (increased afterload) will depress left ventricular 
ejection fraction. In our patients the left ventricular 
mass/volume ratio was normal and this suggests that 
left ventricular wall stress was normal. Thus, in these 
patients we have an increased preload with normal af- 
terload. Under these circumstances, one would expect 
left ventricular ejection fraction to be an appropriate 


index of left ventricular function. It is interesting that- 


the ejection fraction was significantly less than normal 
(Fig. 3), suggesting that left ventricular function in these 
patients is depressed. This depression could be due to 
chronic hypoxemia or left ventricular volume over- 
load,!* in both. In a previous study, Jarmakani et al.!? 
showed that chronic left ventricular volume overload 
in itself was not associated with a depression in left 
ventricular function. In the present study, there was no 
correlation between left ventricular ejection fraction 
and end-diastolic volume. Therefore, it is unlikely that 
the depression in left ventricular function was due to 
volume overload. The fact that left ventricular ejection 
fraction increased after a shunt procedure also supports 
the previous suggestion that left ventricular volume 
overload does not depress left ventricular function. 
The second likely cause for the depressed left ven- 
tricular function is chronic hypoxemia. It has been 
shown that chronic hypoxemia alters the histology and 
function of the left ventricle in patients with tetralogy 
of Fallot.???! Figure 7 shows a positive correlation be- 
tween left ventricular ejection fraction and systemic 
oxygen saturation. These findings indicate that chronic 
hypoxemia is the most likely cause for the depression 
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FIGURE 7. Relation of left ventricular ejection fraction (LVEF) to sy 
temic oxygen saturation (Os saturation) in patients with tricuspid atresia 
before and after a surgical shunt. Abbreviations as before. 
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in left ventricular function. Improved ejection fraction 
after a surgical shunt could be explained by the greatly 
improved systemic oxygen saturation as well as the 
Frank-Starling mechanism. a 
Therapeutic implications: These data are clearly 
relevant to the management of patients with tricuspid 
atresia. Ideally one would perform the Fontan proce- 
dure in these patients in infancy and prevent chronic. 
hypoxemia and left ventricular volume overload. Un- 
fortunately, for technical reasons, the Fontan procedure. 
cannot be performed in infants and small children and. 
we are, therefore, obliged to consider the shunt proce- 
dure. In infants one must give consideration to an aortic. 
to pulmonary shunt, because it is quite difficult to 
perform the Glenn shunt procedure. The goal here is to’ 
increase pulmonary blood flow, improve oxygen satu- 
ration and thereby prevent deterioration in ventricular 
function. However, any large aortic to pulmonary shunt 
such as the Waterston procedure or Potts anastomosis 
might increase significantly the pulmonary arterial 
pressure and flow, and thereby cause an increase in the | 
pulmonary vascular resistance and congestive heart 
failure. For these reasons, the best possible choice is to 
perform the Blalock-Taussig shunt, which will improve 
systemic oxygen saturation without increasing the | 
pulmonary vascular resistance. A normal pulmonary - 
vascular resistance is essential for these patients to be 
candidates for the Fontan procedure.!? Two dimen- 
sional echocardiography would be a useful tool for 
consecutive evaluations of left ventricular function. 
| 
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and small hospitals, clinics and 
private practices to share full- 
time computerized ECG services. 
It's a sound financial answer to 
cost-containment. 

The question is — what 
computerized 
ECG system is H " fi 
best suited to 
sharing? 

Burdick's 
BETA system is the answer. It 
represents a remarkable advance 
in computerized ECG technology. 

INSTALL BETA NOW 
WITHOUT THE HIGH COST 
OF PURCHASED EQUIPMENT. 

Several payment arrange- 
ments are available — including 
lease or fixed-term contract. All 
Burdick requires is a place to put 
the BETA system near your 
cardiology department. We plan 
the system that best meets your 
needs and ECG volume. 
SHARED ECG SERVICES CAN 

BETA presents an oppor- 
tunity for small as well as large 
medical centers to offer compre- 
hensive, cost-effective cardiology 
service. If desired, the host 
hospital's cardiology staff can 
provide over-reading and further 
consultation to satellite hospitals, 


setting up excellent referral 
patterns within the system. 


we 
Burdick 


concern for cardiac care. 
he Burdick Corporation, 
ilton, Wisconsin 53563. 


BRING FINANCIAL RETURNS. 


BURDICK TAKES CARE OF 
TRAINING AND SERVICE. 
The BETA system is 

supported through Burdick’s own 
Medical Diagnostic Services 
Division, and backed with its own 
computer service team to ensure 
full-time operation. We'll train 
your ECG technicians to operate 
our complete BETA system — 
from ECG carts to computer. 


SMALL MEDICAL CENTERS 

HAVE TOTAL ACCESS TO HOST 
HOSPITAL CAPABILITIES. 
Every installation in the 

system can share all of BETA's 
capabilities. Burdick will take 
care of installation, service, and 
maintenance. Thus, several 
medical facilities can share one 
BETA system without the burden 
of capital expense for individual 
systems. 


GET THE MOST ADVANCED 
ECG ANALYSIS SYSTEM 
YOU COULD EVER SHARE. 


BETA is the only system that 








Selectively Increases 
Myocardial Contractility 

with Consistent 
Hemodynamic Improvements 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 
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Warnings: 1. Increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 
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Dobutrex 


Dobutamine HCI 


For I.V. Injection - 
250 mg* in 20-ml-size vials 
* Equivalent to dobutamine 







drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex® (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: /ncreased Heort Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—lnfusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: in case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 


line solutions and should not be mixed with E 


products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 mi of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage—the rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Infusion Delivery Rate 


Drug Detively oe rtp n eie ei 
Rate 250 mcg/ml* 500 mcg/mit 1000 mcg/ml 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 


15 0.06 0.03 0.015 
*250 mg per liter of diluent 
1500 mg per liter or 250 mg per 500 mi of diluent 
11000 mg per liter or 250 mg per 250 ml of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patient's response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonarye wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. (081678) 


Additional information available to 
S the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 
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Programalith 6 is “ee 


the full six - parameter 
interrogatable, programmable 
pacemaker. In conjunction with 
the Programmer, Programalith 6 
provides the physician with 

the means for comprehensive 
paced-patient management 
while obviating many common 
reasons for invasive pacing 
system revision. 


Only after you have reached the ultimate in sophistication can you truly simplify 
This new 6-3-1-0 family of Programalith® Interrogatable™ pacemakers is idea 
demonstration of that fact. It is the most flexible system ever offered the physician 
Even the simplest of these four pulse generators offers the all-important Pacesette 
exclusive: a simple method of calculating years of remaining battery capacit 

as Well as an accurate determination of possible problems and their location 
through measurement by interrogation of lead and heart interface impedance 
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For less critical “ae 
applications, Programalith 3 
provides the physician with 
the same basic interrogation 
capabilities as Programalith 6, 
as well as three programming 
functions -pacing rate, pulse 
width and sensitivity —all with 
multiple options. 
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interrogates and programs a 
single parameter -pacing rate — 
allowing the physician to choose 
from 12 different options and 
provides the all-important 
interrogation function 

as well. 


battery impedance and battery current. Part of the 
flexibility of this new system derives from the 
complete integration of all units with the one single 
programmer the physician will ever need - 
the one Pacesetter supplies to you with the first 


implant of any one of these pacers. 
No wonder they call us Pacesetter. 
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THE INDERAL PROMISE: FEW/ER ANGINA, ATTACKS 
(PROPRANOLOL HC) SOMETIMES NONE. 


The dread of pain. The dread of being 
hospitalized. The dread of a limited future. 
That's what angina means to your patient. But 
with INDERAL, the outlook can brighten. 


Inderal: A logical first step. When 
nitroglycerin and other conventional measures 
are inadequate, add INDERAL. It counters 
the anginal hemodynamics. Right at the start, 
INDERAL diminishes catecholamine-induced 
rise in heart rate and systolic blood pressure. 
Reduces myocardial oxygen demand. And 
brings O, supply and demand into more 
favorable balance. 


Inderal: The logic of using it first. 
Consider these well-documented benefits... 
Fewer angina attacks—sometimes even none. 
Less need for nitroglycerin—sometimes no 
need at all. And greater tolerance for exercise 
..greater freedom of action for your patient. 


INDERAL 
(PROPRANOLOL HO) 


INANGINA 


PROPHYLAXIS: 
A LOGICAL CHOKE 


INDERAL is contraindicated in patients with 
bronchial asthma, allergic rhinitis, congestive 
heart failure, sinus bradycardia, and greater 
than first degree heart block. Abrupt with- 
drawal should be avoided. 

Please see brief summary of prescribing 
information on the following page. 
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THE MOST WIDELY PRESCRIBED 
BETA BLOCKER IN THE WORLD 


INDERAL 


PROPRANOLOL HCI 


FOR ANGINA 
PROPHYLAXIS 











-— BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
__ Inderal? BRAND OF PROPRANOLOL HYDROCHLORIDE A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season; 
3) sinus bradycardia and greater than first degree block. 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) in patients on 
adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 
week withdrawal period from such drugs. 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
tion in congestive heart failure, and inhibition with beta-blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
(.e., that of supporting the strength of myocardial contractions). In patients already receiving 
digitalis, the positive inotropic action of digitalis may be reduced by INDERAL s negative inotrop- 
ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 
impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
response observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained on combined therapy and the patient closely 
followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina 
. and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 

therapy. Therefore, when discontinuance of INDERAL is planned the dosage should be 

gradually reduced and the patient carefully monitored. In addition, when INDERAL 

is prescribed for angina pectoris, the patient should be cautioned against interruption or 

cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 


and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris. 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
advice in patients considered at risk of having occult atherosclerotic heart disease, 

who are given propranolol for other indications. 





IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
not been adequately appraised. Special consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia. . 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to available evidence. However, in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents, e.g., isoproterenol or levarterenol. However, 


“such patients may be subject to protracted severe hypotension. Difficulty in restarting and 


maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila- 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 


cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum recom- 


mended human dose. PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic nervous activity. Occasionally, 
the pharmacologic activity of INDERAL may produce hypotension and/or marked bradycardia 
resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, labcratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 


or hepatic function. ADVERSE REACTIONS 
Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, lassi- 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, consti- 
pation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia, Oculomucocutaneous reactions involving the skin, ser- 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been conclu- 
sively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is different for each indication. 
ORAL 
ANGINA PECTORIS —Dosage must be individualized. Starting with 10-20 mg three or four 
times daily, before meals and at bedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response is obtained. Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 
established 
If treatment is to be discontinued, reduce dosage gradually over a period of several weeks 
(See WARNINGS ) 
PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit ade- 
quate directions for use. 
OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING MEA- 
SURES SHOULD BE EMPLOYED: 
BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 
CARDIAC FAILURE —DIGITALIZATION AND DIURETICS 
HYPOTENSION— VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE). 
BRONCHOSPASM— ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 
HOW SUPPLIED 
TABLETS INDERAL (propranolol hydrochloride) 
No. 461 — Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100. 
No. 462— Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100. 
No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100. 
No. 468— Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100 
INJECTABLE 
No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The pH is 
adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 
e| AYERST LABORATORIES 
*| New York, N.Y. 10017 
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- PERCUTANEGUS: 
INSERTION NES. 


INTRA-AORTIC BALLOE 
ON | 


pna 
— 


= Pass a guide wire 
to aid in difficult 


| insertions 
NON-THROMBOGENIC | 
DOUBLE LUMEN = Bypass tortuosity 
^. CATHETER oe. 


2 Inject contrast medium 
to define obstructions 
or to ensure proper 
balloon positioning 





For further information, or 
to arrange for a demonstration, 
contact: 


PISCEM. P WAR en 


«id 
KONTRON Cardiovascular Inc. = Unwrap completely | 


9B Plymouth Street | 
Everett, Massachusetts 02149 a . 
Telephone (617) 389-6400 Use central arterial 
Telex 710-348-6839 


pressure for timing 


l 






INDICATIONS: Refractory 
power failure. Unstable refrac- 
tory angina. Impending infarction. 
Septic shock. Mechanical complica- 
tions to acute myocardial infarction; i.e., 
ventricular septal defect, mitral regurgitation ; 
or papillary muscle rupture. Ischemia related intrac- 
table ventricular arrhythmias. Cardiac support for high `Ë 
risk general surgical patients. Cardiogenic shock. 
CONTRAINDICATIONS: Dissecting aortic aneurysm. Hemo- 
dynamically significant regurgitation. 
DIRECTIONS FOR USE: An Operator's Manual, supplied with every 
Model 10 Control Console, provides complete directions for use. 
CAUTION: For use by trained personnel only. 
RESTRICTED DEVICE: Federal law (U.S.A.) restricts the sale, distribution, or use of this 
device to, by, or on the lawful order of a health professional. 
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Edited by Michael H. Grieco, M.D. 
- Prof. Clinical Medicine, Columbia Univ. College Physicians and 
-. Surgeons, Director R.A. Cooke Institute of Allergy, St. 
Luke’ s-Roosevelt Hosp., N.Y. 


Text by 47 specialists, 1,035 pages, 147 illus., 78 full-color 
. photos. Completely indexed. $75. 


In 36 revealing chapters are reviewed the mechanics of host 
. defenses. .the various underlying disorders and the latest 
"treatments by chemotherapy, management of agranulocytosis, im- 

= munological reconstitution, passive and active immunotherapy, and 

_ immunostimulation. INFECTIONS IN THE ABNORMAL HOST will 

. help you understand, diagnose, and manage the many infections 

f . which strike patients whose defense mechanisms are down. 


. Check this list of chapters 


= PARTI HOST DEFENSES 


—. * Introduction to the Abnormal Host and Complicating Infections * The Neutro- 
—. phil in Host Defense: Congenital, Acquired and Drug-induced Abnormalities * 
The Complement System in Human Disease * Structure and Function of Immu- 
- noglobulins * Human Lymphocyte Subpopulations: Surface, Intracellular, En- 
zymatic Markers and Functions * Congenital and Acquired Primary Disorders 
of B and T Lymphocyte Function * Drug-induced B and T Lymphocyte and 
Monocyte Dysfunction « Cutaneous, Pulmonary, Gastrointestinal and Geni- 
- tourinary Defense Mechanisms and Relationship to Nosocomial Infections * 
1 The Effects of Malnutrition on Host Responses and the Metabolic Sequelae of 


- 1 


—. |nfections * Humoral and Cellular Responses to Infection 


. PART II pgs IONS ASSOCIATED WITH THE 


ORMAL HOST 


. * Pyogenic Bacterial Infections ¢ Higher Bacterial and Fungal Infections * My- 
cobacterial Infections * Viral and Chlamydial Infections * Protozoal and Hel- 
= minthic Infections * Infections Complicating the Transfusion of Blood, Blood 
Products, Animal Exposure and Animal Products * Infections Complicating the 
- Alcoholic Host * Infections in Parenteral Narcotic and Drug Abusers * Infec- 
. tions Complicating Uremia and Organ Transplantation * Infections in Patients 
— with Neoplastic Diseases * Infections Complicating Diabetes Mellitus * Diag- 
- nosis and Treatment of Diffuse Pneumonias * Host Deficiency States and Cen- 
tral Nervous System Infections * Genitourinary Infections * Infections Compli- 
. cating the Rheumatic Diseases * Endovascular and Prosthetic Implant Infec- 
_ tions * Intraocular Manifestations of Systemic Infections e Selected Histopath- 
- ologic Responses * The Microbiology Laboratory in Diagnosis and Therapy * 
— Infections Complicating Surgical or Functional Splenectomy and Gastrectomy 


d 
. PARTIII MANAGEMENT 


* Antimicrobial Therapy in the Compromised Host: Resistance, Pharmacology 
. and Toxicity © Chemotherapy for Viral and Chlamydial Infections * Chemother- 
apy for Protozoal and Helminthic Infections * Infection Prevention in Patients 
= with Cancer and Granulocytopenia * Immunologic Reconstitution « Gamma 
B Globulin and Vaccine Therapy 


* Index 
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1 “With this comprehensive work, Grieco has clearly filled a marked 
gap in the infectious disease literature. Various sections should be of 
interest to a broad range of practitioners. . . should serve as an im- 
portant starting point and a useful reference source for any physi- 
cian concerned with the complicated but increasingly important pa- 
tient, the compromised host." 

Philip A. Pizzo, MD, National Cancer Institute, NEW ENGLAND 
JOURNAL OF MEDICINE, Jan. 8, 1981 


"This work will serve the physician well in caring for patients with 
serious infections. It is well organized and easy to use for quick 
reference. It also serves as an extensive review of infections in the 
defective host for specialists in infectious disease, pulmonary 
medicine, and cancer." 

W. Lee Fanning MD, JOURNAL AMERICAN MEDICAL 
ASSOCIATION, Jan. 2, 1981 


“This important text should play a valuable role in the understanding 
and management of infections in the abnormal host and shows how 
clinical microbiologists, immunologists, and infectious disease clin- 
icians can work together in the diagnosis and management of 
patients." 

D.M. Weir, Dept. Bacteriology, Univ. of Edinburgh, LANCET, July 
19, 1980 


2"This book is expertly edited. ..an outstanding feature is the 
thoroughness in which the book is indexed. . . As a comprehensive 
text for the academician and as a sound guide for the clinician in 
every field, the book is highly recommended. Immunologists, 
microbiologists, oncologists, internists, and specialists in infectious 
diseases should either purchase the book or have a copy readily 
available as a reference. Medical and graduate school libraries 
should own copies.” 

E.A. Gorzynski, IMMUNOLOGICAL COMMUNICATIONS, Sept. 
7, 1980 


3'And so we must not only choose the correct antibiotic but also 
overcome the infection in this compromised, immunosuppressed 
patient or what we commonly term the person with poor resistance. 
This clearly calls for a book cf guidance and this is it, all 1,035 pages 
of it, beautifully edited, lavishly produced, and with the experience 
and wisdom of 47 contributors." 

D. Geraint James, FRCP, Dean Royal Northern Hospital, London, 
MILAN DAILY MEDICAL NEWSPAPER, May 1980 


| YORKE MEDICAL BOOKS, 666 Fifth Avenue, New York, N.Y. 10103 


| Please send, on approval, —— copies of INFECTIONS IN THE 
ABNORMAL HOST, edited by Michael H. Grieco. | will be free to read 
| and consult the book in any and all relevant situations for 30 days. If 
| am not convinced it is a valuable professional tool, | will return it 
G and owe nothing. Otherwise, | will remit $75.00 plus shipping. 


| Send invoice, plus shipping. 
| Payment enclosed, publisher pays shipping. 
| Charge my credit card: 


Card No. Expire Date 


Address 
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d York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. AJC 5/81 
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THE TRENDSETTER ™ — The top- 
of-the-line scanner for integrated ECG, 
blood pressure and pacemaker eval- 
uation, together with comprehensive 
alphanumeric/ graphic summaries. 


VIS- U-SCAN"" — The high-speed system 
that puts 24 hours of ECG in your hands 
in three minutes flat without missing 
a beat. 





SMART SCAN NERS, Theres a Del Mar Avionics ECG scanner that satisfies your most exacting 


requirements — in the hospital or in your office. And a worldwide network of service 
SMART VALUES: centers assures fast, professional response when you need it, where you need it. 

^ An outstanding Education and Training staff rounds out our commitment to 
excellence. Training courses extend the skills and knowledge of your staff in the appli 
cation of ECG principles to Holter System data analysis. 

Our full line of smart scanners coupled with the extra services only a leader 

can provide, makes your investment in a Del Mar Avionics system a smart move. Cal 
your local representative today. 


JUMIbbIEUPIUSR 


Holter scanning system bandles the 
workload rigbt in your office. Two 
channels of data with memory-scope 
display make it fast, flexible and 


easy-to-use. 


THE EVALUATOR™ NEW! — The middle- 
of-the-line Holter ECG scanner— 
microprocessor-controlled, features 
"smart" arrhythmia analyzer. 


For more information, call any one of our Corporate Sales and Service Offices: 


ATLANTA (404) 952-0612 
BALTIMORE (301) 561-0990 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 866-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (413) 559-6863 
“EDISON, NJ (201) 548-6600 
HOUSTON (713) 780-9232 


*JACKSONVILLE (904) 642-1694 


KANSAS CITY (816) 373-1117 
LINCOLN (402) 474-2650 


*LITTLE ROCK (501) 277-0217 


LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 546-3324 


*MEMPHIS (901) 725-6899 


MIAMI (305) 981-0405 
MINNEAPOLIS (612) 941-6030 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 563-1312 


cece? 


AITE, 


wa. S82 188 


“PORTSMOUTH (804) 397-3251 
*ROCHESTER, NY (716) 422-6772 
*SALT LAKE CITY (801) 487-1344 
*SAN ANTONIO (512) 696-1042 


SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 


*SEATTLE (206) 364-2940 
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ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 

e *TULSA (918) 836-6749 
VAN NUYS (213) 787-5423 
ATHENS 671-7170, Telex 214227 (EXSE GR) 
BRUSSELS 720-7405, Telex 61791 (AVONIX I 


DEL MAR AVIONICS 


1601 Alton Avenue at Red Hill, Irvine, CA 92714 


Telephone: (714) 549-1500 Telex: 68-5621 


Outside California (800) 854-0481, Inside California (800) 432-8446 
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Af you wouldn't think of changing 
your brand of digitalis, shouldn't you 
think twice before switching from 











LASIX furosemide to a substitute? 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
mias.' Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity." 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LASrx® brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients. ^*^^ 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects.* 


Therefore, once the patient is stabi- 
lized on digitalis and LAsix*, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LAsIx* that established 
the standard for furosemide performance. 
It is LAsIX* that is the subject of almost 
6,000 published papers. It is LAsIx* that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LASIx® that has a remarkable 
quality-control record— almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX® tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 
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Nr 

(2 PHARMACEUTICALS INCORPORATED 
> SOMERVILLE, NEW JERSEY 08876 
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References: 1. Moe GK, Farah AE: Digitalis and allied cardiac glycosides, in Goodman LS and Gilman A (eds): The Pharmacological 
Basis of Therapeutics, ed 5. New York, Macmillan Publishing Co, 1970, pp 653-682. 2. Smith TW: Digitalis: Ions, inotropy and toxicity, 
editorial. N. Engl. J. Med. 299:545, 1978. 3, Rubinstein MH, Eastwood BA, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, 
U.K.: The effect of lubricant type and concentration on the bioavailability of furosemide from 80 mg tablets: J. Pharm. Pharmacol. 30 
(suppl.):12P, Dec. 1978. 4. Rubinstein MH, Price EF, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, U.K.: In vivo 
evaluation of the effect of five disintegrants on the bioavailability of furosemide from 40 mg tablets: J. Pharm. Pharmacol. 29 

(Suppl.:5P, Dec. 1977. 5. Rubinstein MH, Rughani JM, School of Pharmacy, Liverpool Polytechnic, Byrom Street, Liverpool L3 3AF, 
U.K.: The effect of four tablet binders on the bioavailability of furosemide from 40 mg tablets: Drug Development and Industrial 
Pharmacy 4(6): 541-553 (1978). 6. HEW News, publication 79-6, U.S. Department of Health, Education and Welfare (Food and Drug 


Administration), March 30, 1979, pp 2-3. 





Specify LASIX* brand of furosemide. To be sure the 
patient receives only LASIX®, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 


Rx 








IN CONGESTIVE HEART FAILURE. 
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Lasix® (urosemide) 


A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 and 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a nd diuresis 
with water and electrolyte depletion. The , careful med- 


requ 
have to be adjusted to the Individual patient's needs. 
INDICATIONS: Edema associated with ive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 
CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may couse fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular throinbosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity. 
Exercise care in patients receiving potassium-depleti 
steroids. Perform frequent serum electrolyte, CO,, and BUN de- 
terminations during first few months of therapy and periocically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, ive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. if use of the drug is essential, the patient should stop 


` nursing. Cases of tinnitus and reversible hearing impairment 


have been reported. 
There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when doceermis was injected rapidly in patients with 
severe impairment of renal function at doses exceeding severol 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose porenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
minute has been used.) 

ECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
are particularly important when the patient is vomiting exces- 
sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diurefic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may ee metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial s have been observed, and rare cases of 
precipitation of dia mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN more seen. These 
have been observed in association with dehydration, which 
should be ovoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinyicholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cephalonidine. 


Therefore, furosemide and cepholoridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
cient to preclude effectiveness of the pressor agent for therapeu- 


tic use. 

It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desjred diuretic and/or 
antih ive effect of Losix (furosemide) is achieved. 

AD REACTIONS: Anorexia, oral and gastric irritation, 
nousea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 


. reactions include hyperglycemia, glycosuria, hyperuricemia, 


muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis. 
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Announcing the 

comprehensive study 
of...the most fascinating 
syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visiting 
Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University of 
Tel Aviv—Sackler School of Medicine. 











Every cardiologist, internist, pediatrician, surgeon—indeed, 
every physician—should have a good basic knowledge of 

the Pre-excitation Syndrome. Here are just a few reasons why 
this is so essential: 


O V5 of all pre-excitation cases are misdiagnosed. 

O 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

O In % of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

O V5to % of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is brought a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson:White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 

genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology." 

Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 


the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 
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To evaluate the effects of dipyridamole on blood platelet function in pa- 
tients with coronary artery disease, platelet counts and aggregation were 
examined in aortic and coronary venous blood. Before administration of 
dipyridamole, platelet counts and aggregation in response to adenosine 
diphosphate were less (p <0.02) in coronary venous than in aortic blood. 
Dipyridamole administration (100 mg) resulted in an increase in piste . 
counts and platelet aggregation in coronary venous blood so that the 
differences in aortic and coronary venous blood values were eliminatec 
These phenomena were probably related to inhibitory actions of ¢ i- 
pyridamole on platelet adhesion to atherosclerotic vessels. To furthei 
study the mechanism of action, the direct effects of dipyridamole on in 
vitro platelet aggregation were evaluated. Although dipyridamole, in the 
concentrations used, had no effect on in vitro platelet aggregation, 
greatly potentiated the aggregation inhibitory actions of exogenous 
prostacyclin. In vivo potentiation of endogenous prostacyclin and inhibitc y 
actions on platelet adhesion are the most likely mechanisms of the po- 
tentially beneficial actions of dipyridamole. i 
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Dipyridamole has been extensively studied as an antiplatelet aggregatin 
agent! and as a coronary vasodilator.®4 Its mode of action in interfering 
with platelet function is not well understood. It inhibits platelet oha 
phodiesterase in vitro, resulting in an increase in intracellular cyclic 
adenosine monophosphate (AMP) in the presence of certain prosta- 
glandins.? Dipyridamole prolongs platelet survival time when it is 
shortened in certain persons. 97 Because an abnormal state of platele; 
activation is present in patients with coronary artery disease?? an 
prosthetic heart valves, 1?! there is a renewed interest in the use of di- 
pyridamole alone or in combination with other antiplatelet agents a 
antithrombotic therapy in such patients.!?-!4 Preliminary results oi 
studies involving a combination of dipyridamole and aspirin to prevent 
reinfarction in patients with prior myocardial infarction are encourag- 
ing.! Some of the beneficial effects of dipyridamole may be related tc 
its inhibitory actions on platelet adhesion.!6 We!7.18 previously showe 
that biologically more active platelets are sequestered in the athero- 
sclerotic coronary arteries resulting in reduced platelet function in 
coronary venous blood compared with that in aortic blood. The admin- 
istration of aspirin seems to affect intravascular platelet sequestration 
and results in similar platelet numbers and function in aortic and coro- 
nary venous blood.!? j 
Because dipyridamole has more prortounced actions on platelet ad. 
hesion and less on aggregation than does aspirin at clinically achieved 
levels,!6 we conducted this study to evaluate the effects of dipyridamole 
on platelet counts and aggregation in aortic and coronary venous blood 
in patients with coronary artery disease. We also performed in vitre 
experiments to examine the possible mechanisms of action of di- 
pyridamole. i 
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: Methods 
b 


Study patients: Eight patients, aged 39 to 58 years, with 
ingiographically documented significant coronary artery 
lisease (greater than 50 percent narrowing of luminal diam- 
ter) were studied. In four of the eight patients, all three major 
oronary arteries had significant coronary luminal narrowing. 
n three patients, two of the three arteries were involved; in 
he remaining patient, only single vessel disease was identified. 
\ll eight patients had typical stable angina pectoris and evi- 
lence for myocardial ischemia during exercise by generally 
iccepted criteria. No patient had taken aspirin, propranolol 
wr other agents known to alter platelet function during the 2 
eeks before the study. 

Cardiac catheterization: Studies were conducted during 
yutine clinically indicated right and left heart catheterization 
ter obtaining informed consent. Without premedication, a 
Jones catheter (woven Dacron®), 100 cm long, was advanced 
0 the ascending aorta from a brachial artery cut down site. 
Zucker catheter (woven Dacron), 100 cm long, was posi- 
ioned in the mid coronary sinus by way of an antecubital vein 
inder fluoroscopic control. This position provided a stable site 
or withdrawal of venous blood draining the left ventricular 
nyocardium. Withdrawal of blood through these catheters 
ias been shown not to influence platelet aggregation and 
?O unts. 18 

. Blood sampling periods: Blood platelet studies were 
»erformed before angiographic evaluation. During a control 


"E blood samples were obtained simultaneously from 



















oth the aorta and the coronary sinus. Then each patient was 
ven dipyridamole, 100 mg, intravenously. One hour after 
lipyridamole administration, blood samples were again ob- 
‘ained from the aorta and coronary sinus as outlined. 
_ Platelet studies: Blood samples (9 ml each) were collected 
ind transferred into polypropylene tubes containing 1 ml of 
3.8 percent sodium citrate and 0.2 ml of Tris buffer to control 
he pH. From these samples, platelet-rich plasma was ob- 
ained by centrifugation at 225 g for 15 minutes at room 
‘emperature. The remaining blood was spun at 5,000 g for an 
idditional 30 minutes at room temperature to yield platelet- 
»oor plasma. The platelet count in platelet-rich plasma was 
idjusted to 300,000 to 400,000/mm?. Platelet aggregation 
itudies were performed in duplicate within 2 hours of blood 
E. 
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collection. Samples of 0.45 ml of platelet-rich plasma, after 
adjusting for platelet count, were pre-warmed for 1 minute 
by stirring in siliconized cuvettes placed in a Biodata Aggre- 
gation Profiler® before the addition of aggregation-stimulating _ 
agents. These agents included epinephrine 1:10,000 (5.0 uM) - 
and adenosine diphosphate (ADP) 2.0 uM. ADP was kept 
frozen as a 20 uM solution and diluted at the time of testing. 
Light transmission through the platelet-poor plasma was set 
at 100 percent. Maximal platelet aggregation was read as the 
percent increase in light transmission 5 minutes after addition 
of the aggregating agent. Whole blood platelet counts were 
performed in duplicate in counting chambers using 3 percent 
procaine hydrochloride under phase microscopy. 

In vitro studies: Blood samples were collected from five - 
normal volunteers, who had not taken any platelet-active drug 
in the preceding 10 days. Platelet-rich and platelet-poor © 
plasma were prepared as described previously. Standard 
platelet aggregation was determined using ADP, epinephrine 
and collagen to determine the effects of dipyridamole on in 
vivo platelet aggregation. Prostacyclin obtained as the sodium 
salt (Upjohn Laboratories, Kalamazoo, Michigan) was dis- 
solved in Tris buffer and added to platelet-rich plasma to 
determine inhibition of platelet aggregation induced by ADP, 
epinephrine and collagen. In other experiments, platelet-rich 
plasma was incubated with varying amounts of dipyridamole 
and prostacyclin for 1 minute before the addition of the ag- 
gregating agents. 

Calculations: The average values for maximal platelet 
aggregation and platelet counts were determined for each 
patient with each aggregation-stimulating agent from dupli- 
cate studies. The mean value and standard error were deter- 
mined for platelet aggregation and counts. Student's t test 
(paired data) was used to determine the significance of the 
difference between the mean values. A probability (p) value 
of less than 0.05 was considered statistically significant. 


Results 


Patient studies (Table I): Before administration of 
dipyridamole (control period), blood platelet counts 
were lower in coronary venous than in aortic blood in 
seven of the eight patients studied (mean 255,000 + 
29,000 versus 292,000 + 32,000/mm?, p «0.02). Maximal 


Platelet Aggregation (96) 





E 
b Platelet Counts (X 1000/mm?) Control Dipyridamole 
h Control Dipyridamole Coronary Coronary 
Aorta Sinus Aorta Sinus 
Coronary Coronary St a eS ee 
Case Aorta Sinus Aorta Sinus Epi ADP Epi ADP Epi ADP Epi ADP 
$- 390 355 455 445 87 75 89 23 89 75 89 35 
2. 240 190 248 205 70 23 42 14 45 16 47 18 
3. 135 125 f 150 145 96 75 96 31 96 83 96 84 
4. 305 268 285 290 65 51 70 33 70 55 70 57 
5. 255 195 . 230 220 85 16 79 4 69 13 53 22 
6. 283 307 291 312 98 83 98 80 83 70 94 88 
E 435 350 457 374 77 14 97 13 84 35 73 67 
8. 290 250 301 284 98 50 99 40 85 50 91 48 
Mean 292 255" 302 284! 85 48 84 30* 78 50 77 521 


X SEM 32 29 37 34 5 10 7 8 6 9 T 9 


* p <0.02 (aorta versus coronary sinus in the control state). ! p «0.02 (coronary sinus platelet counts and aggregation before versus after 
lipyridamole). 
ADP = adenosine diphosphate; EPI = epinephrine; SEM = standard error of the mean. 
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platelet aggregation in response to ADP was also less in 
coronary venous than in aortic blood (mean 30 + 8 
versus 48 + 10 percent, p «0.02). This difference was 
observed in each patient. No such difference was ob- 
served using epinephrine as the aggregating agent 
(aortic blood 85 + 5 percent, coronary venous blood 84 
+ 7 percent, p = not significant [NS]). 

After dipyridamole administration, platelet counts 
were unchanged in aortic blood (from 292,000 + 32,000 
to 302,000 + 37,000/mm?, p = NS) but increased in 
coronary venous blood (from 255,000 + 29,000 to 
284,000 + 34,000/mm?, p <0.02). The increase in coro- 
nary venous blood platelet count was observed in all 
eight patients, so that no significant difference in 
platelet counts in aortic and coronary venous blood was 
apparent after dipyridamole administration. 

Maximal platelet aggregation in aortic blood was 
unchanged by dipyridamole (epinephrine 85 + 5 to 78 
+ 6 percent, ADP 48 + 10 percent to 50 + 9 percent, 
both p = NS). In contrast, maximal platelet aggregation 
in response to ADP in the coronary venous blood in- 
creased in each of the eight patients (mean 30 + 8 per- 
cent to 52 + 9 percent, p <0.02); epinephrine-induced 
platelet aggregation remained unchanged (from 84 + 


7 percent to 77 + 7 percent, p = NS). Overall, there was . 


no difference in platelet aggregation in aortic and cor- 
onary venous blood after dipyridamole administra- 
tion. 

In vitro studies: In the amounts used, dipyridamole 
did not alter in vitro platelet aggregation in response to 
ADP, epinephrine or collagen (Table II). Prostacyclin 
produced marked inhibition of platelet aggregation. 
Prior incubation of platelet-rich plasma with di- 
pyridamole produced a potentiation of prostacyclin- 
induced inhibition of platelet aggregation in a dose- 
related fashion. This potentiation was observed using 
ADP, epinephrine or collagen as the aggregating 
agent. 


Discussion 


The results of our study confirm our previous obser- 
vations!?-1? of lower platelet counts in coronary venous 
than in aortic blood in patients with atherosclerotic 
coronary heart disease. Lower platelet aggregation in 
response to ADP in coronary venous than in aortic blood 
is most likely related to adhesion of platelets in the 
atherosclerotic vessels.!®!9 However, epinephrine- 
induced platelet aggregation was not significantly lower 
in coronary venous blood, as reported in previous 
studies; this finding may be related to the smaller 
number of patients in the present investigation. Di- 
pyridamole administration significantly increased 
platelet counts in coronary venous blood, thus elimi- 
nating the gradients in platelet counts and aggregation 
from the aorta to the coronary sinus. 

Platelet adhesion in atherosclerotic coronary 
vessels: Platelets are removed in the damaged and 
atherosclerotic vasculature. This has been demon- 
strated in studies employing platelets labeled with ra- 
dioactive indium-111,29?! direct microscopic exami- 
nation of damaged vessels?? and observation of lower 









TABLE Il 
Effects of Dipyridamole and Prostacyclin on 
Platelet Aggregation 
Platelet Aggregation (%) 

ADP  Epinephrine* Collagen“ 
AA alone 79 13 78 X5 89342 
AA + DP (0.05 mg/ml) 7834 80 + 6 86-2 
AA + PGl? 6317! 6215! 69-3! 
AA + PGI? + DP (0.005 mg/ml) 46 + 5t 60 + 7: 68:35 
AA + PGlo + DP (0.01 mg/ml) 405: 56+ 6t 63 + 2t | 
AA + PGl; + DP (0.05 mg/ml) 3646 56+7! 46434 





* With epinephrine and collagen as aggregating agents, addition of 
DP to prostacyclin delayed the onset of the rate of aggregation; t 
<0.02, * p <0.01 (compared with aggregating agent alone). 

AA = aggregating agent; ADP = adenosine diphosphate; DP = d 
pyridamole; PGI = prostacyclin (0.5 ng/sample). 


platelet counts in the effluent. Accumulation of 
platelets in the stenotic vessels could result in a cyclic 
decrease in blood flow.24 Administration of platelet- 
suppressive agents such as aspirin has been shown to 
eliminate such cyclic changes in the experimental ani- 
mal?! and to increase platelet counts in coronary venous - 
blood in human beings.? Although a continuous. 
platelet sequestration in the atherosclerotic vessels 
would be unlikely, it is possible that the platelet ag- 
gregates formed in the stenotic vessels are released in- 
the circulation where these aggregates disaggregate and 
the platelet count is maintained.?? In a recent study,” 

platelet aggregates in coronary sinus blood were dem- 

onstrated in certain patients with coronary heart dis- 

ease. The catheter material could be a site of platelet 

deposition, but there was no evidence of accumulation 

of platelets in or around the catheters used in this 

study.!8 Furthermore, catheters constructed from. 
similar catheter material (woven Dacron) were used for 
the collection of blood from the aorta and coronary 

sinus. Therefore, the differences in platelet count across 
the myocardial vascular bed are related to trapping of 
platelets in the atherosclerotic vessels. 

Effect of dipyridamole on platelet function: po- 
tentiation of endogenous prostacyclin: Dipyridamole 
is one of a number of pyrimido-pyrimidine compounds. 
It inhibits platelet adhesion, a property that has led to 
its use in thrombotic disorders.!2-!4 Diminished platelet 
adhesion would be the most likely explanation of similar 
platelet counts in the coronary venous and aortic blood 
samples in our patients after administration of di- 
pyridamole. Although the coronary blood flow studies 
in these patients are not available, vasodilatory effects 
of dipyridamole and changes in coronary flow could also 
cause dislodgment of platelets from the atherosclerotic 
vessels. In an animal model df myocardial ischemia and 
platelet thrombi formation in the coronary vessels, di- 
pyridamole administration reduced intravascular 
platelet accumulation.”© Dipyridamole was shown to 
have potentially beneficial effects of reducing platelet 
malondialdehyde generation and thromboxane Bə 
synthesis, suggesting a direct action of the drug on 
platelet cyclo-oxygenase or thromboxane synthetase.” 
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Although platelet aggregation is inhibited by dipyr- 
idamole in high concentrations,'?9 it is unlikely that 
the circulating plasma levels of 2 to 10 uM achieved in 
patients taking the drug? are adequate to affect platelet 
aggregation significantly. Indeed in our study, we ob- 
‘served no significant effect of dipyridamole adminis- 
tration on platelet aggregation in aortic blood in re- 
sponse to epinephrine or ADP. The in vitro addition of 
‘dipyridamole also failed to influence platelet aggrega- 
tion in response to epinephrine, ADP or collagen. 
However, a marked potentiation of prostacyclin-related 
inhibition of platelet aggregation in vivo may have an 
important bearing on the beneficial actions of dipyr- 
idamole. Moncada and Korbut?? demonstrated dis- 
aggregation of platelets from a rabbit tendon treated 
with dipyridamole and superfused with blood, and 
concluded that dipyridamole potentiated endogenous 
 prostacyclin activity. In another report, Masotti et al.°° 


showed that dipyridamole induced an increase in 
prostacyclin release in healthy volunteers. These studies 
and our observations suggest that potentiation of en- 
dogenous prostacyclin may be an important mechanism 
of action of dipyridamole. 

In summary, our results show that treatment with 
dipyridamole increases coronary venous blood platelet 
counts and subsequently modifies platelet function in 
coronary venous blood, presumably by affecting platelet 
adhesion in the atherosclerotic vessels. The mechanism 
of beneficial action of dipyridamole may lie in potenti- 
ation of endogenous prostacyclin, which has been shown 
to be diminished in atherosclerotic vessels.?! 
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i 
Although clinical observations suggest that abrupt discontinuation of 
propranolol therapy may precipitate myocardial ischemia and infarction 
in patients with coronary occlusive disease, the physiologic consequences 
of propranolol withdrawal are not fully understood. Platelet survival times 
and heart rate responses to exercise, upright tilt and isoproterenol were 
therefore examined in 14 normal subjects before and after abrupt a 
drawal of propranolol. Propranolol, 80 to 240 mg/day, was given for 24 
to 79 days; its effect was confirmed by a lower heart rate during exercise 
and during infusion of isoproterenol. In 10 subjects, the mean survival time 
of chromium-5 1-tagged blood platelets decreased from 10.0 days before. 
propranolol to 7.8 days after its withdrawal (p <0.05). One day after. 
withdrawal, the rise in heart rate with exercise or tilt was slightly increased 
from values before propranolol therapy. Two days after withdrawal of 
propranolol the mean peak heart rate during exercise (165 beats/min) 
was 12 beats/min higher (p <0.01) than the value before propranolol. 
On this same day heart rate increased more after tilt without medication 
(+6 beats/min, p <0.05) and more after tilt following vagal blockade (+8 
beats/min, p <0.02) than before treatment with propranolol. Seven days 
after propranolol withdrawal, heart rate responses to exercise or tilt re- 
mained increased. Isoproterenol-induced heart rate responses (5 to 40 
ng/kg per min, n = 14), white blood cell beta receptor function (cyclic 
adenosine monophosphate production after isoproterenol and ?H-I- 
dihydroalprenolol binding, n = 9) and plasma norepinephrine values at 
rest and during exercise (n = 7) were each unaltered after propran- 
olol. t 
The results suggest that abrupt withdrawal of propranolol is accom- 
panied by a shortening of platelet survival and enhancement of sym- 
pathetically mediated reflex increases in heart rate. These changes may 
each play a role in the increased incidence of ischemic episodes observed 
after withdrawal of propranolol from patients with coronary occlusive 
disease. However, the number of beta receptors and their sensitivity to 
adrenergic agonists do not seem to be changed uniformly after abrupt. 
withdrawal of propranolol. 


Clinical studies!-? have suggested that abrupt withdrawal of propranolol 
from patients with symptomatic coronary occlusive disease may result 
in severe ischemic sequelae, including serious arrhythmias and fatal 
acute myocardial infarction. Mechanisms léading to worsening of isch- 
emic heart disease after propranolol withdrawal have not been fully 
elucidated. Some investigators*^? have postulated beta adrenergic re- 
ceptor hypersensitivity to agonists that may result in a metabolically 
mediated rise in demand for coronary blood flow after propranolol 
withdrawal. Other investigators? have reported increased platelet 
aggregability after propranolol withdrawal that might predispose to 
progression of coronary occlusive lesions. To examine further the possible 
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origins of worsening of ischemic heart disease after 
withdrawal of propranolol, we evaluated several aspects 
of adrenergic function and measured platelet survival 

efore, during and after long-term administration of 
propranolol in normal human subjects. 


Methods 


. Study plan: Eight men and six women, aged 20 to 23 years, 
with no known health problems were admitted as inpatients 
to the Clinical Center of the National Institutes of Health to 
erve voluntarily as normal subjects. Routine examinations 
failed to disclose any abnormality. Informed consent was 
obtained from each subject. In the 2 weeks before propranolol 
therapy the following baseline studies were performed: mea- 
surement of platelet survival time (14 subjects); assessment 
of heart rate response to isoproterenol infusion, upright tilt, 
atropine administration and upright bicycle exercise (14 
subjects); sampling for plasma norepinephrine determination 
(8 subjects); and sampling for white blood cell beta adrenergic 
receptor function (9 subjects). Details relating to each of these 
Studies are given later. Before initiation of any study the 
subjects began a treatment regimen with coded placebo cap- 
sules four times daily. 
= Propranolol administration: After completion of baseline 
studies coded propranolol capsules were substituted for pla- 
cebo to yield a progressively increasing daily dosage, reaching 
40 mg four times daily on the 5th day of substitution. The 
ntents of the capsules were known only to the physicians 










B iponsible for the study. Subjects performed bicycle exercise’ 


after a minimum of 4 days on propranolol therapy (160 mg/ 
bas), utilizing the same protocol employed in baseline studies. 
Eleven subjects exhibited a decrease in heart rate of at least 
20 beats/min at the greatest work load (160 watts); these 
subjects were maintained on a regimen of propranolol, 160 
mg/day, for the remainder of the treatment phase. One ad- 
ditional subject was maintained on a regimen of 240 mg/day 
(60 mg four times daily) after requiring this dose to achieve 
mparable suppression of exercise heart rate response. Two 
Boiects with unusually slow sinus rates while taking small 
pa 
doses of propranolol were maintained on a regimen of 80 
mg/day (40 mg twice daily). Both had adequate suppression 
of exercise heart rate response (at least 20 beats/min decrease 
at 160 watts). 

One additional potential subject experienced central ner- 
vous system difficulties soon after beginning propranolol 
therapy that reversed promptly with discontinuation of the 
drug.” Results from this subject were excluded from this study. 

The 14 subjects studied had no symptoms either during or 

fter propranolol administration. Throughout the course of 
study subjects maintained an active lifestyle, each working 
regularly and many engaging frequently in athletic pursuits 
qm with and without propranolol therapy. 

Studies before and after propranolol withdrawal: 
Study subjects were maintained on propranolol therapy for 
24 to 79 days (median 36). The duration of therapy was se- 
lected for each person before any studies were initiated. The 
total hospital stay was determined by the length of time that 
each subject had allocated to volunteer participation. Inves- 
tigations were arranged accordingly so that propranolol could 
be given for as long as possible before withdrawal. T'wo to 7 
days before discontinuation of propranolol the following were 
performed: measurement of heart rate response to isopro- 
terenol and to bicycle exercise (14 subjects); and sampling for 
serum propranolol levels (14 subjects), plasma norepinephrine 
levels (7 subjects), and white blood cell beta receptor studies 
(9 subjects). A small subgroup (four subjects) also had platelet 


survival time measured beginning 14 days before discontin- 
uation of propranolol. The abrupt withdrawal of propranolol 
without the subjects' knowledge was achieved by substitution 
of placebo for propranolol. 

Eight hours after the last dose of propranolol 10 subjects 
had platelet labeling to initiate a second determination of 
platelet survival time that continued during the first 10 days 
after propranolol withdrawal. Approximately 28 hours after 
the last propranolol dose (subsequently described as “day 1 
after propranolol”), the following were performed in all 14 
subjects: measurement of heart rate response to isoproterenol 
infusion, upright tilt, atropine and exercise; and sampling for 
serum propranolol. The next day (“day 2 after propranolol”) 
these studies were repeated (except for propranolol level) and, 
in addition, samples were taken for norepinephrine (eight 
subjects) and for white blood cell beta receptor studies (nine 
subjects). Between 6 and 9 days after propranolol (median 7 
days, subsequently described as “day 7 after propranolol") 
all studies performed on day 2 after propranolol were repeated 
except that only four subjects had sampling for white blood 
cell beta receptor assessment and none had sampling for 
plasma norepinephrine. 

Platelet survival time: For each measurement of platelet 
survival time, approximately 200 ml of blood was removed, 
platelets were isolated and packed red blood cells returned 
to the subject. Platelets were labeled in vitro with chro- 
mium-51 utilizing standard techniques.? Computerized cell 
volume analysis of labeled platelet suspension confirmed the 
absence of red cell contamination. Autologous platelets con- 
taining 5 to 15 uCi of chromium-51 were administered within 
3 hours of phlebotomy. Blood samples, 5 ml, were obtained 
30 minutes and 2 and 4 hours after labeling and daily there- 
after for 10 days at 8:00 a.m. in the preprandial state. Aspirin 
was withheld before and during assessment of platelet sur- 
vival. Weighted mean platelet survival time was calculated 
by standard methods. 

Heart rate response to isoproterenol, exercise, tilt and 
atropine: Before baseline studies were performed the subjects 
were thoroughly familiarized with laboratory procedures. On 
the morning of each study a slow intravenous saline infusion 
was started, and electrocardiographic monitoring instituted. 
Five to 10 minutes after stable supine heart rate and blood 
pressure (pneumatic cuff) were attained, infusion of isopro- 
terenol hydrochloride (Winthrop), 40 ng/kg per ml, in a saline 
solution was initiated at a rate of 5 ng/kg per min. After 3.5 
minutes, heart rate and blood pressure were measured. In all 
instances the heart rate was obtained by counting electro- 
cardiographic complexes for 30 seconds, yielding reproducible 
values, +3 beats/min, even in the presence of sinus arrhyth- 
mia. The infusion rate was increased every 4 minutes by 
doubling until 40 ng/kg per min was given and then by adding 
20 ng/kg per min every 4 minutes. Infusion was discontinued 
when the heart rate increased at least 20 beats/min above 
preisoproterenol values or when the infusion rate reached 120 
ng/kg per min. Heart rate at the end of the 3rd minute of 
infusion at any given rate was not consistently different from 
the rate at the end of the 4th minute, indicating that a steady 
state had been achieved. 

Upright tilt: Twenty minutes after the return to preiso- 
proterenol values, heart rate and blood pressure measure- 
ments were repeated. The subjects were then tilted from the 
supine position to an 80? head-up position for 2.5 minutes and 
these measurements made again. A second tilt was performed 
after an intervening 3 minute period in the supine position. 
The two replicate tilts yielded similar values for heart rate and 
blood pressure; values were averaged for subsequent data 
analysis. 





Atropine: After returning to the supine position for 2.5 
minutes, heart rate and blood pressure measurements were 
repeated, then atropine sulfate (Elkins-Sinn), 0.8 mg, was 
administered intravenously. Ten minutes later stable values 
for heart rate and blood pressure were obtained in the supine 
position. Measurements were also made 2.5 minutes after 
upright tilt. Subjects were returned to the supine position and 
monitoring was discontinued. 

Exercise: Approximately 5 hours later (and 4 hours after 
a meal) electrocardiographic monitoring was reinstituted and 
heart rate was measured at rest while the subject was seated 
on an upright Godart bicycle ergometer. The heart rate values 
obtained were not different from values measured without 
antecedent exposure to atropine or isoproterenol. Subjects 
then exercised for 12 minutes at 40 revolutions/min. The 
initial work load was 40 watts with a load increment of 40 
watts every 3 minutes. Heart rate was recorded during the 
final 30 seconds before each load increase. 

Plasma norepinephrine: Techniques relating to collection 
of plasma samples and measurement of plasma norepineph- 
rine levels have previously been described.? In brief, a heparin 
lock was inserted in an antecubital vein of the supine subject. 
After 20 minutes of stable heart rate and blood pressure val- 
ues, a 12 ml resting blood sample was obtained. The subject 
then stood for 5 minutes and a second sample was collected. 
'The subject subsequently remained standing and gripped a 
hand dynamometer at 30 percent of maximal force (using the 
hand opposite the heparin lock) for 5 minutes. A third blood 
sample was collected just before the end of this exercise. 
Values for plasma norepinephrine were measured using a 
radioenzyme technique that can detect less than 20 
pg/ml.? 

When scheduled, studies relating to plasma norepinephrine 
measurement were always the first studies of a given day. 
Subsequent evaluation of heart rate response was begun after 
a 1 hour period of supine rest during which no measurements 
were made. 

White blood cell beta adrenergic receptor function: 
Fifty milliliters of blood was withdrawn into 1 ml of 10 percent 
EDTA in saline solution. Blood was layered over sodium 
metrizoate/ficoll solution (Lymphoprep, Nyegaard and Co., 
Oslo, Norway) and centrifuged at 175 g for 45 minutes. The 
buffy layer at the plasma-Lymphoprep interface was removed 
and centrifuged at 8,000 g for 10 minutes at 0 to 4°. The pellet 
was washed, centrifuged and resuspended in saline solution 
containing 9 mM 3-isobutyl-1-methylxanthine (Aldrich 
Chemical Co.), 5.6 mM theophylline (Aldrich) and 50 mM 
Trizma buffer (pH 7.7). 

Cyclic adenosine monophosphate (AMP) accumulation 
studies were performed in triplicate utilizing 100 u liter (150 
to 200 ug of leukocyte protein) aliquots of this cell suspension. 
Incubations for 5 minutes at 37? C were used to measure either 


basal levels of cyclic-AMP or stimulation by 1075 M of l-iso-- 


proterenol (Aldrich); cyclic-AMP concentrations were de- 
termined by a competitive protein-binding technique.!? 

Beta adrenergic receptor-binding studies were performed 
by incubating portions of cell suspension (300 to 350 ug of 
leukocyte protein) with 1, 5 or 10 nM 1-?H-dihydroalprenolol 
(Amersham). Nonspecific binding was determined by mea- 
suring radioactivity retained in the presence of 1074 M of 
dl-propranolol (Sigma) and specific binding was defined as 
the difference between total and nonspecific binding. Twelve 
minute incubations at 37? were terminated by 15-fold dilution 
with 50 mM of Trizma (pH 7.0) in saline solution at 0? fol- 
lowed by vacuum filtration through Whatman GBF glass fiber 
filters. The filters were immediately washed twice with cold 
buffer, removed and counted. 
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PLATELET SURVIVAL DATA 
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FIGURE 1. In 10 subjects (left panel) weighted mean platelet (PLT.) . 
survival time was determined during baseline studies before propranolol - 
(PROP.) (left) and during the first 10 days after abrupt withdrawal of. 
propranolol (right). In four additional subjects (right panel) this value © 
was determined before propranolol (left) and during the last 2 weeks - 
of propranolol administration (right). Values obtained from the same 
individual are connected by a line. Averaged values illustrate a statis- - 
tically significant decrease in platelet survival after propranolol with- — 
drawal (circled bars); averaged values show no change from baseline — 
while subjects were still receiving propranolol (circled triangles). 


Serum propranolol: Blood samples were collected in glass | 
equipment 2 hours after the most recent dose of propranolol 
(or placebo) and remote from pharmacologic or physiologie - 
testing. Serum propranolol levels were obtained from this 
sample by Dr. M. Kraml of Ayerst Laboratories using the - 
fluorometric method of Shand et al.!! Accuracy (+5 percent), | 
sensitivity (ability to detect 5 ng/ml) and specificity (no pro- — 
pranolol detected in blank) were confirmed by blinded testing. 


of standards. j 


Results 3 


Platelet survival studies: During propranolol 
withdrawal, the weighted mean platelet survival time 
in 10 subjects decreased an average of 52 + 22 (standard 
error) hours (p <0.05) or 22 percent from an average 
baseline value of 239 hours (Fig. 1, left). In 7 of the 10 
subjects platelet survival time was abbreviated by more 
than 24 hours in the withdrawal period. Platelet survival 
time after propranolol withdrawal was unchanged from. 
the baseline value in two subjects and was lengthened 
in one subject. In contrast to results after propranolol 
withdrawal, platelet survival time measured in three: 
subjects during propranolol administration was not. 
different from the baseline value (Fig. 1, right). Platelet 
survival time appeared somewhat reduced in the base- - 
line study in a fourth subject, who exhibited no addi- | 
tional evidence of platelet abnormality; the repeated . 
measurement obtained during propranolol therapy was — 
within normal limits. In the 10 subjects assessed before - 
and after propranolol, the configuration of platelet | 
survival curves after propranolol withdrawal did not 
suggest an abrupt change in the rate of removal of la- 
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beled platelets at any specific time within the 10 day 
period of study. Changes in platelet survival time in 
these 10 subjects were not correlated with the duration 
of propranolol administration. 
. Isoproterenol infusion: In the 14 subjects the supine 
heart rate just before isoproterenol infusion was de- 
creased during propranolol therapy by an average of 7 
_ beats/min from the prepropranolol baseline (p <0.01), 
but was unchanged from this baseline value 1, 2 and 7 
days after propranolol withdrawal (Fig. 2, left). The 
maximal isoproterenol infusion rate during baseline 
studies was 10 ng/kg per min in 1 subject, 20 ng/kg per 
min in eight subjects and 40 ng/kg per min in five 
subjects. Those not receiving the higher rates of infusion 
were not included in calculations involving these higher 
rates. In four subjects the maximal infusion rate after 
propranolol withdrawal (40 ng/kg per min) was greater 
than that during baseline studies; in two subjects the 
maximal rate (20 ng/kg per min) was less. 
Propranolol administration produced a marked 
attenuation of heart rate response to isoproterenol 
(mean decrease of 28 beats/min at 20 ng/kg per min and 
43 beats/min at 40 ng/kg per min, p «0.01 for each [Fig. 
2]). Persistence of the decrease (average 13 beats/min 
_at 20 ng/kg per min and 15 beats/min at 40 ng/kg per 
. min, p <0.01 for each) was evident on day 1 after pro- 
_pranolol. However, the heart rate response was indis- 
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FIGURE 2. Mean heart rates (beats/min) (left panel) and mean changes 
(A) in heart rate (right panel) in each subject from corresponding 
-prepropranolol baseline values are shown on the vertical axis. Si- 
multaneous rates of isoproterenol infusion (ng/kg per min) appear on 
the horizontal axis of each panel. Because isoproterenol infusion was 
discontinued after a heart rate increase of 20 beats/min, means at 0 
and 10 ng/kg per min include 14 subjects; at 20 ng/kg per min, 13 
subjects; and at 40 ng/kg per min, 5 subjects. Baseline values are de- 
picted as solid circles, values during propranolol as solid triangles, and 
values 1 (A1), 2 (A2) and approximately 7 days (A7) after propranolol 
withdrawal as open circles. Vertical lines (right panel) indicate standard 
errors of the mean difference and asterisks identify statistically sig- 
nificant mean differences. The failure of mean differences to exceed 
0 significantly at any time after propranolol (right panel) demonstrates 
a lack of “overshoot” in responsiveness of heart rate to isoproterenol 
in our subjects after abrupt withdrawal of propranolol. 


tinguishable from baseline performance on days 2 and 
7 after propranolol. There was no consistent tendency 
toward “overshoot” in heart rate response to isopro- 
terenol during propranolol withdrawal (Fig. 2). 

Propranolol administration was associated with 
decreased systolic blood pressure before (average 6 mm 
Hg, p <0.05) and during (average 18 mm Hg during 20 
ng/kg per min, p «0.01) isoproterenol infusion. Similar 
decreases in preinfusion systolic pressure persisted on 
day 1 after propranolol. However, systolic pressure was 
unchanged from the prepropranolol baseline value 
during isoproterenol infusion on each test day after 
propranolol. 

Exercise: Mean heart rate with subjects seated be- 
fore exercise was decreased 7 beats/min below prepro- 
pranolol baseline levels during propranolol therapy (p 
<0.01) but was unchanged from this baseline value on 
days 1, 2 and 7 after propranolol (Fig. 3, left). Fatigue 
limited maximal baseline exercise to 80 watts in 1 
subject and 120 watts in 2 subjects; the other 11 subjects 
exercised maximally at 160 watts. All subjects per- 
formed the same exercise during and after propranolol 
therapy that they performed in the baseline study. 
Persons not exercising at the highest levels were not 
included in calculations pertaining to these highest 
levels. 

Heart rate during propranolol therapy was an av- 
erage of 22 beats/min less than baseline values at 120 
watts and 25 beats/min at 160 watts (p «0.01 for each, 
Fig. 3, right). On day 1 after propranolol, heart rate 
averaged 5 beats/min higher than baseline value at 160 
watts (p <0.05) but was otherwise unchanged from the 
baseline value. Somewhat greater increases in heart rate 
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FIGURE 3. Heart rate responses (beats/min) to upright bicycle exercise 
before, during and after propranolol. The format is similar to that of 
Figure 2. Exercise intensity (watts) is shown on the horizontal axis of 
each panel. Because baseline maximal exercise capacity varied, means 
at rest and at 40 and 80 watts include 14 subjects; at 120 watts, 13 
subjects; and at 160 watts, 11 subjects. One (A 1), 2 (A2) and 7 (A7) days 
after propranolol withdrawal, heart rate during maximally intense (160 
watt) exercise significantly exceeded corresponding baseline values 
(right panel). Peak effect tended to appear on the 2nd day after pro- 
pranolol, although the difference in results obtained on this day and on 
the 7th day after propranolol is not statistically significant. 


TABLE I 


Heart Rate and Blood Pressure Responses Before and 
After Propranolol 


Before After Propranolol 
POM 7mm 
(baseline) Day 1 Day 2 Day 7 





Upright tilt 
AHR 


3442  27i3* 2743° 2722! 

ASBP —3+2 —-742* —7t2* -3+1 
Atropine (0.8 mg) 

AHR 19942 2043 2242! 1642 

ASBP 342 442 8+4 4+2 
Upright tilt after 

atropine (0.8 mg) | 
HR 3142 3043 39+3' 39+ 2° 
ASBP —10+3 —-14+3 —194+3* —11+3 
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AHR = mean change in heart rate (beats/min + standard error) with 
each intervention; ASBP = associated mean change in systolic blood 
pressure (mm Hg + standard error). Studies were performed in the 
baseline period before administration of propranolol and 1, 2 and ap- 
proximately 7 days after abrupt withdrawal of propranolol. Probability 
of differences from baseline performance: * p «0.05, ! p <0.02, * 0.1 
< p «0.05. 


were present during exercise on day 2 (mean 12 beats/ 
min at 160 watts and 8 beats/min at 120 watts, p «0.01 
for each) and day 7 (mean 9 beats/min at 160 watts and 
7 beats/min at 120 watts, p «0.01 for each) after pro- 
pranolol. Thus, upright exercise after propranolol 
withdrawal was accompanied by a modest but signifi- 
cant increase in heart rate above comparable prepro- 
pranolol baseline values. The changes in heart rate re- 
sponse after propranolol were not correlated with the 
duration of propranolol administration. 

Tilt and atropine: Before tilt, the supine heart rate 
in the 14 subjects averaged 57 beats/min and the systolic 
blood pressure averaged 109 mm Hg during baseline 
studies. These values were essentially unchanged on 
days 1, 2 and 7 after propranolol. However, the average 
increase in heart rate in the upright position was 6 
beats/min greater (p «0.05) on days 1, 2 and 7 after 
propranolol when compared with the average rise (21 
beats/min) observed during baseline studies (Table I). 
The systolic blood pressure tended to decrease in the 
upright position during baseline studies. A significantly 
greater decrease in systolic pressure was noted on days 
1 and 2 after propranolol, but the decrease returned to 
prepropranolol baseline values on day 7 after pro- 
pranolol (Table I). The changes in mean blood pressure 
closely resembled changes in systolic pressure. 

The average heart rate and systolic blood pressure 
after return to the supine position and before atropine 
were the same during baseline studies (54 beats/min and 
109 mm Hg) and during studies on days 1, 2 and 7 after 
propranolol. The atropine-induced rise in supine heart 
rate tended to increase slightly on days 1 and 2 after 
propranolol but this change did not achieve statistical 
significance (Table I). The supine systolic blood pres- 
sure was unaltered by atropine in each study. The su- 
pine mean blood pressure increased 6 mm Hg after at- 
ropine in the baseline studies; this value was not sig- 
nificantly different after propranolol withdrawal. Tilt 
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SUPINE STANDING EXERCISING | 
FIGURE 4. Mean plasma norepinephrine values for subjects in the - 
supine position at rest (left), in the standing position at rest (middle), — 
and in the standing position during hand grip exercise (right). Different — 
- shadings denote values obtained before, during and 2 days after pro- — 
pranolol administration. Vertical lines represent standard error; other - 
lines identify significant differences. The number at the bottom ofeach | 
bar gives the number of subjects studied. There was no tendency for — 
plasma norepinephrine levels 2 days after propranolol to exceed cor- — 
responding prepropranolol values under any of the circumstances of. 
study. T 


A 


to the upright position after atropine induced a further 
increase in heart rate, averaging 31 beats/min during 
baseline studies (Table I). This increase was signifi- 
cantly larger on days 2 and 7 after propranolol. Tilt after. 
atropine decreased systolic blood pressure in the base- 
line studies. The decrease was significantly greater 2 
days after propranolol withdrawal but returned to 
baseline values by 7 days after withdrawal. T'hus, on day 
2 after propranolol, the increase in heart rate and de- 
crease in systolic pressure were both augmented relative 
to the baseline value, but on day 7 after propranolol only 
the heart rate response was increased. The mean blood 
pressure after atropine was not altered by tilt to the 
upright position during any of the studies. 

Plasma norepinephrine: Mean plasma norepi- 
nephrine in eight subjects in the baseline state increased 
from 119 pg/ml at supine rest to 249 during standing 
and 516 during isometric arm exercise (Fig. 4). During 
administration of propranolol, mean plasma norepi- 
nephrine was significantly greater (151 pg/ml) during 
rest in the supine position and significantly less (267 
pg/ml) with exercise. Subjects were able to sustain the 
same muscular effort for 5 minutes before, during and 
after propranolol. Plasma norepinephrine values during 
exercise on day 2 after propranolol tended to be lower 
than corresponding values measured in the baseline 
state; this tendency was not significant on paired data 
analysis. Supine and standing mean plasma norepi- 
nephrine values on day 2 after propranolol were nc 
different from corresponding baseline values. Plasme 
norepinephrine values showed no tendency to increase 
above comparable prepropranolol baseline values aftei 
propranolol withdrawal. 

White blood cell beta adrenergic receptor func- 
tion: White blood cell binding of ?H-dihydroalprenolo 
decreased significantly below baseline values when the 
nine subjects received propranolol (Fig. 5, top; Table 
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TABLE I 

White Blood Cell Beta Adrenergic Receptor Studies 

p 

: Off 2 Off 7 


p Conc. Base Prop. Days Days 





/ A. Tritiated Dihydroalprenolol Bound to White Blood Cells (fmol/ 
1 mg)* 
= 1nM AII 49 (9) 30 (9)! 43 (9) 





E Sub 54 (4) 25 (4)! 32 (4) 64 (4) 
= 5nM AII 233 (8) 155 (7)! 168 (8) — 

E Sub 196 (4) 128 (4)! 130 (4) 231 (4) 
10 nM All 415 (6) 244 (5)! 292 (6) — 

> Sub 432 (4) 243 (3) 202 (4) 471 (4) 


B. Isoproterenol-Stimulated Cyclic AMP Production by White Blood 


Cells (pmol/min per mg)* 


All 23 (9) 16 (9) 28 (9) — 
j Sub 28 (4) 11 (4) 19 (4) 29 (4) 


* Mean values followed, in parentheses, by number of subjects in- 
.cluded in mean (results expressed per milligram of leukocyte protein). 
Paired data analysis showed a significant (p <0.05) difference from 
the baseline value. 
3 All = all subjects studied are included in data means; Base = baseline 
value before propranolol administration; cyclic-AMP = cyclic adenosine 
monophosphate; Conc. = concentration of 3H-dihydroalprenolol used 
for study; Off = off propranolol; Prop. = on propranolol; Sub = subset 
studied 7 days without propranolol are the only subjects included in data 
means. 





L 

[IA). This change probably reflects exclusion of ra- 

dioligand due to occupation of beta adrenergic receptor 
sites by residual propranolol rather than to a decrease 
in number of receptors. On days 2 and 7 after propran- 
olol, white cell radioligand binding was not significantly 
different from binding before propranolol. 

. White blood cell binding of ?H-dihydroalprenolol 
increased with greater radioligand concentration (Table 
IIA). The comparison of results obtained before, during 
and after propranolol withdrawal yielded similar con- 
clusions for each of three radioligand concentrations: 
at each radioligand concentration, beta adrenergic re- 
ceptors occupied by ?H-dihydroalprenolol were not 
| esed above prepropranolol levels on either day 2 
or day 7 after propranolol withdrawal. 

In addition to quantifying the number of beta ad- 
renergic receptors by radioligand binding, the functional 
status (as well as number) of white cell beta adrenergic 
receptors was evaluated by measuring amounts of cyclic 
adenosine monophosphate (AMP) produced in response 
to a standard beta adrenergic stimulus. As in the case 
f *H-dihydroalprenolol binding, cyclic AMP produc- 
tion tended to decrease during propranolol administra- 
tion, probably reflecting beta adrenergic inhibition by 
residual propranolol (Fig. 5, bottom; Table IIB). White 
cell production of cyclic AMP did not differ from 
prepropranolol values on either day 2 or day 7 after 
propranolol. Thus, neither cyclic AMP production by 
white blood cells nor ?H-dihydroalprenolol-binding data 
support the concept that beta adrenergic receptor 
function is significantly augmented in normal subjects 
L week or less after abrupt withdrawal of propranolol. 
The differences in production of cyclic AMP and 
binding of ?H-dihydroalprenolol after propranolol 
withdrawal were not influenced by duration of pro- 
pranolol administration before withdrawal. 
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FIGURE 5. Changes in *H-dihydroalprenolol binding to white blood cells 
(WBC) (fmol/mg of leukocyte protein) (upper panel) and in cyclic 
adenosine monophosphate (CAMP) production by white blood cells 
exposed to isoproterenol (pmol/min per mg of leukocyte protein) (lower 
panel) from prepropranolol baselines are shown while subjects were 
receiving propranolol (PROP) (left), 2 days after propranolol withdrawal 
(middle) and approximately 7 days after propranolol withdrawal (right). 
Values obtained from the same subject are connected by lines. Mean 
differences (circled bars) are not significantly different from zero except 
for a reduction in *H-dihydroalprenolol binding below baseline levels 
in subjects taking propranolol. There was no statistically significant 
increase in ?H-dihydroalprenolol binding or cyclic AMP production above 
baseline levels after propranolol withdrawal. 


Serum propranolol: Two hours after the most recent 
propranolol dose, the serum propranolol levels in the 
14 subjects ranged from 12 to 294 ng/ml (median 45 
ng/ml); 11 subjects had levels between 24 and 102 ng/ml. 
The serum propranolol level did not correlate with heart 
rate responses to exercise, isoproterenol infusion or 
upright tilt either during propranolol administration 
or after propranolol withdrawal. Serum propranolol 
levels also failed to correlate with postpropranolol 
changes in platelet survival time. In each subject serum 
obtained 26 hours after the last dose of propranolol 
contained no detectable propranolol (less than 5 ng/ml) 
even though isoproterenol infusion continued to exhibit 
evidence of residual blockade of cardiac beta adrenergic 
receptors (Fig. 2). 


Discussion 


Reduction in platelet survival time after pro- 
pranolol withdrawal: Our results demonstrated 
consistent reduction in platelet survival time in normal 
subjects when prepropranolol baseline values were 
compared with values after abrupt discontinuation of 
propranolol (Fig. 1). Such a change was not observed 
when baseline platelet survival times were compared 
with survival times measured in subjects still receiving 
propranolol. Thus, shortened platelet survival time 
appeared to be a consequence of propranolol withdrawal 
rather than a result of exposure to propranolol or inci- 
dental circumstances of the study. Frishman et al.® 
previouslv reported enhanced accrecahilitv nf nlatelate 


from patients with symptomatic coronary disease 
subjected to abrupt withdrawal of propranolol. Our 
findings suggest that alteration in platelet aggregation 
may be associated with a reduction in mean platelet 
lifespan. Although the magnitude of change in platelet 
survival time is relatively modest in normal subjects, 
such change might be of particular importance in pa- 
tients with atherosclerosis, who frequently have de- 
creased platelet survival time,!?-!4 possibly due to de- 
position of platelets within diseased arteries. 

The reason for shortening of platelet survival time 
after abrupt withdrawal of propranolol is unclear. 
Because platelets lack beta adrenergic receptors, ex- 
cessive beta adrenergic receptor activity would not ac- 
count for this observation. Increased alpha adrenergic 
activity during propranolol withdrawal might favor a 
decrease in platelet survival time. However, plasma 
norepinephrine levels at rest and during exercise (Fig. 
4) and measurements of urinary catecholamine excre- 
tion! tend to exclude a humoral source of excessive 
alpha adrenergic stimulation. Propranolol is known to 
exert a direct inhibitory influence on platelet function 
that is not mediated by its beta blocking action.!6 It is 
possible that abrupt removal of this influence may re- 
sult in a platelet population with a somewhat reduced 
mean survival time. 

Heart rate and blood pressure responses after 
propranolol withdrawal: Evaluation of responses to 
exercise or upright tilt in our normal subjects disclosed 
a consistent increase in heart rate rise above prepro- 
pranolol levels 2 and 7 days after propranolol with- 
drawal (Fig. 3, Table I). The increase in heart rate re- 
sponse to tilt persisted after partial vagal blockade, 
suggesting an adrenergic mechanism. Enhancement of 
these reflexly mediated responses after propranolol 
withdrawal might be caused by peripheral or central 
alteration in adrenergic function or by changes in reflex 
mechanisms not directly related to adrenergic function. 
In the case of tilt, the increased rise in heart rate was 
accompanied by greater decrease of systolic pressure in 
the upright position 2 days (but not 7 days) after with- 
drawal of propranolol. A postpropranolol tendency for 
blood pressure to decrease in the upright position (ei- 
ther at rest or during exercise) would act to augment the 
increase in heart rate through baroreceptor mecha- 
nisms. 'The change in blood pressure response after 
propranolol suggests that certain blood pressure-low- 
ering actions of this drug persist for several days after 
its abrupt withdrawal. 

Increased receptor sensitivity to beta adrenergic 
stimulation has been postulated to cause worsening of 
ischemic heart disease after propranolol withdrawal.*° 
Such an increase might explain augmented increases in 
heart rate after withdrawal of propranolol in our 
subjects with exercise or upright tilt. However, we found 
that heart rate responses to the beta agonist isopro- 
terenol were not increased above prepropranolol levels 
at any time during a 7 day period after propranolol (Fig. 
2), a finding in agreement with similar studies in ex- 
perimental animals.!? Discrepancies among the various 
published reports are not readily resolved. In an in- 
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of propranolol, Boudoulas et al.* noted augmented hear 
rate responses to isoproterenol 2 days after propranolol 
withdrawal. In measurements in nine hypertensive 
patients previously treated for long periods with pro- 
pranolol, Nattel et al.^ found no increase in sensitivity — 
to isoproterenol 2 days after propranolol withdrawal bu 
did find an increase 7 days after propranolol withdrawal 
relative to baseline values measured late in the with- 
drawal period. Administration of a bolus dose of iso- 
proterenol used in the latter study may have led to 
transient high drug concentrations that favor vasodi- 
lation and a baroreceptor-mediated heart rate increase. © 
Because hypotensive responses may be exaggerated | 
after propranolol withdrawal (Table I), augmented - 
heart rate rises induced by bolus administration of 
isoproterenol after withdrawal of propranolol may re- : 
flect greater decreases in blood pressure. Infusion at 
progressively increasing rates, the technique used in our 
study, results in lower peak concentrations of isopro- 
terenol that may offer much less stimulation of baro- 
receptor-mediated reflexes. 

Lack of a generalized increase in beta receptor sen- 
sitivity to agonist was suggested by in vitro studies of 
white blood cells (Fig. 5) as well as heart rate responsa | 
to isoproterenol infusion. The absence of a significant. 
increase in white cell binding of ?H-dihydroalprenolol 
after propranolol withdrawal in our subjects and in. 
subjects studied by Fraser and Wood!? tended to ex- 
clude an increase in the number of beta adrenergic re- 










change in white cell cyclic AMP production in response | 
to in vitro isoproterenol. These latter results also miti- - 
gate against an increase in the rate of cyclic AMP pro- 
duction because of the enhanced activity of each beta 
receptor. The white cell beta receptor activity may not- 
be representative of beta receptor activity in other 
tissues. The increase in radioligand binding by fractions | 
of myocardium have suggested an increase in the 
number of cardiac beta receptors after propranolol in 
the rat.!? However, if myocardial beta receptors were 
more numerous in our human subjects, such a change 
was insufficient to affect the cardiac response to ad- 
ministration of the beta agonist isoproterenol. 
Mechanisms responsible for worsening ischemic 
manifestations after abrupt withdrawal of pro- 
pranolol: several mechanisms are probably re- 
sponsible: As previously pointed out,!-?:?? unmasking 
of ambient beta adrenergic tone may have deleterious | 
effects on the balance of myocardial oxygen supply and 
demand within potentially ischemic regions of the 
myocardium, particularly in patients with supply re- 
duced by progression of coronary disease or demand. 
accentuated by any of a number of factors tending D 
augment heart rate, blood pressure or other determi- 
nants of myocardial oxygen consumption. Our resul 
suggest that increase in reflex-mediated heart rate re- 
sponses after propranolol may contribute to increased - 
myocardial metabolic activity, particularly during up- 
right exercise. Although the changes observed in young 
normal subjects were relatively modest, such changes. 
might be appreciably greater in older patients Wim 
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withdrawal of propranolol is accompanied by a reduc- 
tion in platelet survival time. Even if this alteration does 
‘not reflect increased intravascular deposition of plate- 
lets, it would favor a shift toward a younger, more he- 
mostatically active platelet population.2! An accelera- 
tion of platelet deposition within severely occlusive 
coronary lesions may, in part, explain how propranolol 
withdrawal might lead to accelerating anginal symp- 
toms culminating in myocardial infarction as late as 3 
weeks after administration of propranolol is 
'stopped.! 

_ Therapeutic implications: Unfortunately, the 
possibility of myocardial infarction precludes definitive 
study of abrupt withdrawal of propranolol in patients 
with significant coronary disease. However, a thera- 
peutic strategy may be devised on the basis of data 
currently available. Logically, propranolol should be 
withdrawn gradually whenever possible. When pro- 
pranolol must be withdrawn rapidly, patient activity 
should be restricted and the patients observed closely. 
Administration of propranolol should be reinstituted 
promptly if ischemic difficulties supervene. Such 
measures seem prudent and appropriate to minimize 
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problems of propranolol withdrawal. In addition, our 
data suggest that the administration of aspirin or other 
potent platelet-inhibitory drugs might also be useful 
when clinical circumstances necessitate rapid discon- 
tinuation of propranolol in patients with advanced 
atherosclerosis and clinical manifestations or angio- 
graphic data suggesting a particularly high risk of oc- 
clusive complications. However, it should be empha- 
sized that the action of platelet inhibitors has not been 
assessed in the context of propranolol withdrawal. In 
particular, the capacity of platelet inhibitors to modify 
the clinical consequences of abrupt withdrawal of pro- 
pranolol is unknown. Further study is needed to define 
the benefit, if any, that might accrue from administra- 
tion of platelet inhibitors during propranolol with- 
drawal. 


Acknowledgment 


We are grateful for the technical assistance of Allan Dollar, 
Maureen Sayers, MD, Nancy Davenport, RN, PhD, Peter 
Nose, Lilly Lee, Brenda Shafer and Betsy Poindexter. We are 
also grateful to Michael Kraml, PhD, Ayerst Laboratories, for 
serum propranolol determinations. 


References 


baseline and drug-induced levels of cyclic nucleotides in the ce- 
rebrospinal fluid of control and psychiatric patients. Life Sci 
1976;19:131-6. 

11. Shand DG, Nuckolls EM, Oates JA. Plasma propranolol levels in 
adults with observations in four children. Clin Pharmacol Ther 
1970;11:112-20. 

12. Murphy EA, Mustard JF. Coagulation tests and platelet economy 
in atherosclerotic and control subjects. Circulation 1962:25: 
114-25. 

13. Harker LA, Slichter S. Platelet and fibrinogen consumption in man. 
N Engl J Med 1972;287:999- 1005. 

14. Steele PP, Weily HS, Davies H, Genton E. Platelet function in 
coronary artery disease. Circulation 1973;48:1194-200. 

15. Pantano JA, Lee YC. Abrupt propranolol withdrawal and myocardial 
contractility. Arch Intern Med 1976;136:867-7 1. 

16. Weksler BB, Gillick M, Pink J. Effect of propranolol on platelet 
function. Blood 1977;49:185-96. 

17. Myers JH, Horowitz L. Hemodynamic and metabolic response after 
abrupt withdrawal of propranolol. Circulation 1978:58:196—201. 

18. Fraser JP, Wood AJJ. Alterations in D-receptor density following 
prolonged propranolol treatment (abstr). Circulation 1979;60:Suppl 
II:1-274. 

19. Glaubiger G, Lefkowitz RJ. Elevated beta-adrenergic receptor 
number after chronic propranolol treatment. Biochem Biophys Res 
Commun 1977;78:720-5. 

20. Shand DG, Wood AJJ. Propranolol withdrawal syndrome—— why? 
Circulation 1978;58:202-3. 

21. Hirsch J, Glynn MF, Mustard JF. Effect of platelet age on platelet 
adherance to collagen. J Clin Invest 1968;47:466- 73. 


= = 7 , Sid m Yo M = Pi. FETS EMT “Sees E nj "c ee " pm FW 


Slow Release Oxprenolol in Angina Pectoris: 
Study Comparing Oxprenolol, Once Daily, With 
Propranolol, Four Times Daily 





4 
3 
| 
| 
j 


JOHN O. OLOWOYEYE, MBBS, FRCP(C) Oxprenolol and propranolol are noncardioselective beta adrenoreceptor 
UDHO THADANI, MBBS, MRCP, FRCP(C), blocking agents known to be equally effective in the management of 

FACC patients with angina pectoris. Both are usually prescribed four times daily. 
JOHN O. PARKER, MD, FRCP(C), FACC Slow release formulation of oxprenolol administered once daily has been 
Kingston, Ontario, Canada shown to maintain therapeutic effects for 24 hours. In a double-blind 


crossover study in 23 patients with stable angina pectoris, the effects of 
160 mg slow release oxprenolol, administered once daily for 1 month, 
were compared with those of 40 mg of propranolol given four times daily 1 
for a similar period. No adverse effects occurred when patients were - 
switched between treatment schedules. The average number of anginal — 
attacks experienced were 11/month during oxprenolol therapy and 8/ - 
month during propranolol therapy (difference not significant). The resting - 
values for heart rate were higher 7 1/2 and 24 hours after oxprenolol than - 
they were 4 and 12 hours after propranolol (p <0.01). The treadmill 
walking time to the onset of angina and to the development of moderate - 
angina 24 hours after oxprenolol was less than that observed 7 1/2 hours 
after the drug or 4 and 12 hours after propranolol (p « 0.01). In contrast, 
the values for walking time to the onset of angina and to the development 
of moderate angina at 4 and 12 hours after propranolol were similar. This - 
decreased exercise tolerance 24 hours after oxprenolol was associated - 
with a lesser degree of beta adrenoreceptor blockade than that present- 
after propranolol as documented by higher levels of heart rate (p « 0.05), 
systolic blood pressure (p <0.05) and rate-pressure product (p <0.05) - 
during exercise after oxprenolol therapy. 

It is concluded that in the doses used, slow release oxprenolol admin- 
istered once daily does not exert as consistent a beneficial effect on ex- - 
ercise tolerance throughout the dosing schedule as does propranolol given 
four times daily. 


Beta adrenoreceptor blocking agents are widely used in the management 

of patients with angina pectoris due to atherosclerotic heart disease. The 

drug most widely used currently is propranolol and this is usually pre- 

scribed four times daily. Recent investigations have demonstrated that 

propranolol in doses of 80 and 160 mg, given either on a short-term basis! 

or during sustained therapy,? prolongs treadmill exercise time to angina. 

for periods of up to 12 hours, suggesting that propranolol may be effective. 

wt in the management of angina pectoris when administered twice daily. | 

From the Division of Cardiology, Department of This Andine has b fi ds d5ublo-biud N tud j 

Medicine, Queen’s University, Kingston, Ontario, 8 as Sen, CORTE m " n RE Aq CIOBBOVIET: Dp à in 

Canada. Manuscript received April 16, 1980; re- which therapy with propranolol given twice daily was compared with 
vised manuscript received December 9, 1980, therapy given four times daily using identical total daily doses.” 

accepted December 18, 1980. Oxprenolol is a nonselective beta adrenoreceptor blocking agent 

Address for reprints: John O. Parker, MD, De- 4,5 

patiant of Medicine, Etharingion Hall, ‘Stuart similar i in action to propranolol.*^? Therapy in patients with angina 

Street, Queen's University, Kingston, Ontario, pectoris may be transferred from one drug to the other in equivalent 

Canada, K7L 3N6. doses with no difference in clinical response. Oxprenolol is normally 


SLOW RELEASE O 





*" OW. 


XPRENOLOL IN ANGINA—OLOWOYEYE ET AL. 










prescribed four times daily, but a slow release formu- 
lation has been developed that has been shown to pro- 
vide therapeutic blood levels for periods of up to 24 
hours." Clinical trials?-1! have demonstrated that the 
slow release formulation of oxprenolol administered 
once daily is effective in the management of patients 
with angina pectoris. 

= This study was designed to investigate the efficacy 
of a single daily dose of 160 mg of slow release oxprenolol 
and to compare it with the standard formulation of 
propranolol administered in a dose of 40 mg four times 
daily. 


a Methods 


. Patients: Twenty-three patients (20 men and 3 women) 
ranging in age from 41 to 64 years (average 52) with stable 
exercise-induced angina pectoris were studied (Table I). These 
patients were selected from a group of patients with exer- 
cise-induced angina pectoris who were taking propranolol for 
angina, and in whom angina could be reproducibly induced 
during treadmill exercise testing despite propranolol therapy. 
The history of angina pectoris ranged from 5 to 216 months 
(average 52). Eight patients had sustained a previous myo- 
cardial infarction at least 6 months before this investigation. 
Coronary angiography was carried out in 19 of these patients; 
15 patients had triple vessel coronary artery disease, 3 had 
double vessel disease and one patient had single vessel disease. 
One of the four patients who had not undergone coronary 
angiography had a previous myocardial infarction and the 

ther three had classic angina pectoris during treadmill ex- 
E in each, results of the treadmill exercise test were 

ositive. 
_ All patients had been taking propranolol, 160 mg daily. 
One patient had been taking propranlol for only 1 month be- 


TABLE I 
Individual Patient Data 





Age (yr) Duration mU 
Case & Sex of AP (mo) ECG AP S-T Angiography 
EC 1 53M 15 N Yes -3 TVD 
E 2 53M 24 AMI Yes E TVD 
3 56M 84 N Yes 0 TVD 
4 63M 12 N Yes == TVD 
5 54M 120 IMI Yes $1 DVD 
6 49M 96 ST-T Yes —3 TVD 
7 41M 8 N Yes 2,0 TVD 
8 46M 120 ST-T Yes 0 SVD 
9 62M 12 N Yes E TVD 
10 60F 24 N Yes =2 TVD 
11 45M 9 N Yes a TVD 
12 64M 18 N Yes E NA 
13 54M 36 N Yes "3 DVD 
14 55M 216 IMI Yes 1 DVD 
15 48M 6 IMI Yes = TVD 
16 44M 120 N Yes “2 TVD 
17 54M 36 N Yes =) NA 
18 56M : 5 ST-T Yes -— NA 
19 59M 15 N Yes =f TVD 
20 49M 48 N Yes = TVD 
21 46F 60 IMI Yes T. NA 
22 42M 14 IMI Yes =) TVD 
23 46F 24 N Yes 9 TVD 





fore this investigation, but the remaining patients had been 
taking it for at least 3 months. All patients on this therapy had 
symptomatic improvement, but were still experiencing angina 
(New York Heart Association class II or III).!? No patient was 
taking digoxin, diuretic drugs or antihypertensive agents. 
Three patients had been taking isosorbide dinitrate, but they 
had discontinued its use at least 1 week before this investi- 
gation. 

The resting electrocardiogram was normal in 14 patients 
and showed evidence of previous anterior wall myocardial 
infarction in 1 patient, inferior wall infarction in 5 patients 
and nonspecific ST-T abnormalities in 3. During multistage 
treadmill exercise testing,!? all 23 patients experienced typical 
anginal pain, and all but 2 exhibited ischemic S-T segments 
characterized by horizontal or downward sloping S- T segment 
depression of 1 mm or less for at least 0.08 second in modified 
lead V5 (Table I). The study was explained to each patient and 
written informed consent obtained. 

Design of investigation: The study was double-blind in 
design and the patients were allocated randomly to one of two 
groups, A or B. In group A, the patients took propranolol, 40 
mg four times daily, for 4 weeks, followed by slow-release 
oxprenolol, 160 mg once daily, for 4 weeks. In group B, the 
order was reversed. The drugs for each treatment schedule 
were provided in special push-out cards and the patients were 
instructed to take the medication at 8 a.m. and 12, 4 and 8 p.m. 
each day. The double-blind protocol was maintained by using 
a double-dummy technique and the treatment schedules were 
as follows: 


Group A 
8 a.m.: oxprenolol, slow release placebo, and propranolol, 
40 mg. 
12 p.m.: propranolol, 40 mg. 
4 p.m.: propranolol, 40 mg. 
8 p.m.: propranolol, 40 mg. 





Treadmill 


AMI — anterior wall myocardial infarction; AP — angina pectoris; DVD = double vessel disease; IMI = inferior wall myocardial infarction; N — 
Yormal; NA = not available; S-T = S-T segment depression (mm); ST-T = S-T and T wave abnormalities; SVD = single vessel disease; TVD = 


riple vessel disease with 75 percent cross-sectional narrowing. 


Group B 
8 a.m.: oxprenolol, slow release, 160 mg, and propranolol 
placebo. 
12 p.m.: propranolol placebo. 
4 p.m.: propranolol placebo. 
8 p.m.: propranol placebo. 


Patients thus took the same number of tablets each day 
throughout the 8 week investigation. 

All patients were instructed to keep a record of their daily 
anginal episodes. Patients were evaluated at the end of each 
4 week period, and the diaries reviewed at that time. On the 
day of assessment, the patients were instructed to come to the 
laboratory fasting without taking the 8 a.m. medications. 
Patients who smoked were asked not to smoke on the day of 
these assessments. Each patient was seen at 8 a.m. and ques- 
tioned regarding untoward effects or new symptoms. A resting 
electrocardiogram was obtained and, if this was comparable 
with previous records, a multistage treadmill exercise test was 
carried out. Immediately after the exercise test (approxi- 
mately 8:30 a.m.), the morning dose of medications was ad- 
ministered. The patients were allowed to eat breakfast and 
lunch and took their next scheduled tablets at 12 p.m. They 
returned to the laboratory at 3:30 p.m. and underwent a sec- 
ond treadmill exercise test before taking the medication 
scheduled for 4 p.m. These exercise tests were thus performed 
12 and 4 hours after the previous dose of propranolol during 
treatment with that drug, and 24 and 7 1/2 hours after the 
previous dose of oxprenolol during treatment with that drug. 
'The end point during exercise was moderate angina. 

Measurements and recordings: Modified lead V5 of the 
electrocardiogram was monitored on an oscilloscope 
throughout the exercise studies, and a record was taken on a 
standard electrocardiograph at a paper speed of 25 mm/s 
immediately before and at 1 minute intervals during exercise. 
Further records were taken at the onset of angina pectoris (P) 
and when angina pectoris became moderate in severity (P2), 
or just before the termination of exercise due to fatigue. The 
average values for heart rate and S-T segment depression 
during 10 consecutive beats were measured from the electro- 
cardiogram. Blood pressure was measured with a sphygmo- 
manometer with the patient upright before and at 1 minute 
intervals during exercise and during a 10 minute recovery 
period. The rate-pressure product was calculated as the 
product of heart rate and systolic blood pressure and ex- 
pressed in mm Hg/min X 107°. 

Conventional statistical methods were used throughout. 
Significance of change during the two treatment schedules was 
assessed with Student's t test for paired data. 


Results 
Angina Pectoris 


Of the 23 patients studied, 21 had adequate records 
of the frequency of angina. The average number of ep- 
isodes of angina during the 4 week period was 10.5 
during oxprenolol therapy and 7.5 while during pro- 
pranolol therapy. Table II shows the number of anginal 
episodes during each 4 week portion of the study in in- 
dividual patients. Three patients recorded no anginal 
episodes in their diaries during either month of therapy 
although each had angina readily demonstrated by 
treadmill exercise testing during both exercise pro- 
grams. Seven patients had a reduction in the frequency 
of angina of at least four episodes during propranolol 
therapy and two had a similar decrease during oxpre- 
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Individual and Group Data for Number of Angina Episodes 
During the 4 Week Periods During Oxprenolol and | 
Propranolol Therapy 


Number of Anginal Episodes per 4 Weeks ~ 


Oxyprenolol (160 mg Propranolol (40 mg | 


Case once daily) four times daily) _ 
1 20 16 
2 33 7 
3 12 10 
4* 9 ? , 
5 20 7 
6 16 21 j 
7 22 16 
8 0 1 
9 7 10 
10 2 1 
11 18 12 n 
12 0 0 
13 2 0 
14 18 7 
15 16 13 4 
16 4 6 
17 5 1 
18 6 7 ] 
19 0 0 ; 
20 11 15 
21 0 0 
22* ? ? 
23 8 6 
Mean + 1SD 10.5 7.5 
X 9.2 + 6.3 


* Patients 4 and 22 did not record anginal episodes completely ar 
so were excluded from analysis. 
SD = standard deviation; ? = no data available. 


nolol therapy. These changes during the two treatmer i 
periods were not statistically significant. 4 
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Circulatory Changes 


Table III shows the average values for heart rate. 
systolic blood pressure and rate- -pressure product at rest 
and during exercise, at the onset of angina pectoris (Ps 
and at the time of development of moderate angina (P? 
with the two treatment programs. 

Rest (standing): The resting values for heart rat 
were similar but the values for systolic blood pressure 
and rate-pressure product were higher (p <0.05) at 24 
than at 7 1/2 hours after oxprenolol. There were n: 
differences in these variables at 4 and 12 hours afte 
propranolol. When the resting values were comparec 
during the two treatment programs, the heart rate a 
both 24 and 7 1/2 hours after oxprenolol was higher t ar 
during propranolol therapy (p <0.001). The rate-pres 
sure product 24 hours after oxprenolol was significantly 
higher than at either study time during propranolo 
therapy (p «0.01). 

Exercise: All patients exhibited angina pectoris « 
moderate severity (Pa) during each exercise testing 
period on both treatment programs. The treadmi 
walking time to the onset of angina (P1) 24 hours afte 
oxprenolol was less than that observed 7 1/2 hours 2 
the drug (296 + 105 versus 355 + 162 seconds, mean 
standard deviation) (p « 0.01). The treadmill walki 
time to moderate angina (P5) was also significantly E 
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TABLE Ill 
summary of Hemodynamic, Electrocardiographic and Clinical Data at Rest and Exercise During Oxprenolol and 
Propranolol Therapy 


3 Oxprenolol (160 mg once daily) Propranolol (40 mg four times daily) 


Hours After Dose 
= Pain ral re Er ese IES ER GSE S Se LPR Se aE 


State 7, 24 4 12 
Standing rest 


- HR (beats/min) 759 77 X 11 659 66 +8 
_ SBP (mm Hg) 119+ 19 124 + 14 117 € 17 122+ 14 
_ RPP (mm Hg/min X 10-2) 876 + 159 952 + 166 756 + 142 806 + 114 
-xercise (P4) : 
_ HR (beats/min) 110 + 11 118+ 14 107 + 15 110 + 15 
SBP (mm Hg) 133 + 18 150 + 23 132 + 16 141+ 21 
RPP (mm Hg/min X 1072) 146 + 24 177 + 38 142 + 32 156 + 34 
. TWT (s) 355 + 162 296 + 105 351+ 143 362 + 134 
.S-T (mm) 1.7 € 1.3 1.5 € 1.1 1.7 € 1.2 1.7 € 1.1 
Kercise (P3) i 
HR (beats/min) 110 + 11 124+ 16 109 + 14 112+ 14 
SBP (mm Hg) 134+ 18 154+ 24 136 + 19 144 + 21 
1PP (mm Hg/min X 1072) 152+ 25 196 + 48 149+ 31 161+ 30 
T 425 + 156 369 + 124 413 + 149 421+ 129 
.S-T (mm) 1941.4 1.9 + 1.2 1.8 + 1.2 2.0 € 1.1 







Values shown are mean + standard deviation. 
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^4 hours after oxprenolol than 7 1/2 hours after the drug 
) <0.01). Four and 12 hours after propranolol, the 
ralues for treadmill walking time to onset of angina (P4) 
362 + 134 versus 351 + 143 seconds) and to moderate 
ingina (P5) (421 + 129 versus 413 + 149 seconds) were 
imilar. The treadmill walking time to P; and Ps was 
ignificantly less 24 hours after oxprenolol than at 4 or 
2 hours after propranolol (p «0.01). 
_ The exercise heart rate at both P; and P» was higher 
'4 hours after oxprenolol than that observed at 7 1/2 
iours. The values at 7 1/2 hours after oxprenolol were 
imilar to those observed both at 12 and at 4 hours after 
ropranolol therapy. 
The exercise heart rate at P, 24 hours after oxpre- 
lolol administration (118 + 4 beats/min) was signifi- 
antly higher than that recorded 12 hours after pro- 
ranolol therapy (110 + 15 beats/min, p <0.05). Simi- 
arly, the heart rate at P» was higher 24 hours after ox- 
irenolol (124 + 16 beats/min) than 12 hours after pro- 
iranolol (113 + 14 beats/min, p <0.01). The systolic 
ilood pressure at P, 24 hours after oxprenolol admin- 
stration (150 + 23 mm Hg) was higher than that ob- 
erved 12 hours after propranolol (141 + 21 mm Hg, p 
10.025). Similarly, the systolic blood pressure at Ps 24 
ours after oxprenolol (154 + 24 mm Hg) was higher 
han that at 12 hours after propranolol (144 + 21 mm 
ig, p <0.025). The rate-pressure product followed a 
imilar pattern. Thus, the rate-pressure product at P, 
4 hours after oxprenolol (177 +88 mm Hg/min X 10-2) 
ras higher than that 12 hours after propranolol (156 + 
4 mm Hg/min X 1077, p <0.05). The rate-pressure 
roduct at P» 24 hours after oxprenolol (196 + 48 mm 
Ig/min X 107?) was higher than 12 hours after pro- 
ranolol (160 + 30 mm Hg/min X 1072, p «0.001). 
‘here were no significant changes in the degree of S-T 









R = heart rate; P, = onset of angina pectoris; P5 = time of development of moderate angina pectoris; RPP — rate-pressure product; SBP — 
tolic blood pressure; S-T = S-T segment depression; TWT = treadmill walking time. 


segment depression induced by exercise during these 
two treatment programs. 


Discussion 


Degree of beta adrenoreceptor blockade with 
oxprenolol versus propranolol: These results show 
that with the dosing schedule used, slow release ox- 
prenolol administered once daily does not exert as 
consistent a beneficial effect on exercise tolerance 
throughout the dosing schedule as does propranolol 
given four times daily. At 7 1/2 hours after oxprenolol, 
the values for heart rate during exercise were similar to 
those observed at 4 and 12 hours after propranolol. 
However, despite the similar degree of beta blockade 
during exercise, the resting values were significantly 
higher 7 1/2 hours after oxprenolol. The higher resting 
heart rates after oxprenolol were probably related to the 
intrinsic sympathomimetic activity of this drug, a 
finding documented by other investigators.*^6.14 At 24 
hours after oxprenolol, the values for heart rate during 
exercise were significantly higher than those observed 
at 7 1/2 hours after this drug, and at 4 and 12 hours after 
propranolol. These observations suggest a lesser degree 
of beta blockade during exercise at 24 hours than at 
7 1/2 hours after oxprenolol or at 4 and 12 hours after 
propranolol. 

Previous studies have demonstrated that slow release 
oxprenolol has a prolonged duration of action compared 
with standard formulation oxprenolol,^9.^ but this 
investigation was designed to compare the effects of 
slow release oxprenolol administered once daily with 
those of propranolol administered four times daily. To 
compare the efficacy of these two treatment schedules, 
we believed it important to assess the therapeutic effect 
before the morning dose of medication, which repre- 





sented 24 hours after the previous dose of oxprenolol 
and 12 hours after the last dose of propranolol. Com- 
parison of the protective effect of these drugs at this 
time would be important in assessing whether slow re- 
lease oxprenolol was as effective as the regular dosing 
of standard formulation propranolol. 

The design of the study could be criticized in that the 
patients were not studied during placebo therapy to 
obtain baseline data. However, these patients had been 
taking propranolol for long periods of time and were 
symptomatic despite that medication and we did not 
consider it ethically justified to discontinue adminis- 
tration of the drug. Despite this shortcoming, the results 
have important clinical implications. 

Angina and exercise tolerance with oxprenolol 
versus propranolol: In this study, 24 hours after ox- 
prenolol, the treadmill walking time to the onset of 
angina was less than that observed 7 1/2 hours after this 
drug and at 4 and 12 hours after propranolol. This de- 
creased exercise tolerance 24 hours after oxprenolol was 
accompanied by a lesser degree of beta adrenoreceptor 
blockade during exercise than that present 12 hours 
after propranolol as documented by higher levels of 
heart rate, systolic blood pressure and rate-pressure 
product during oxprenolol therapy. However, the values 


and propranolol therapy was similar. However, during 
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for treadmill exercise tolerance, heart rate, systolic 
blood pressure and rate-pressure product during exer- 
cise 7 1/2 hours after oxprenolol were similar to those 
observed at 4 and 12 hours after propranolol. 1 

The frequency of anginal attacks during oxprenolol 
treadmill testing, exercise tolerance before the next. 
dosing interval during oxprenolol therapy (that is, 24 
hours after a previous dose) was significantly less th n 
that at the next dosing interval after propia | 
therapy. d 

Therapeutic implications: In previous studies it was 
documented that the standard formulations of pro- 
pranolol and oxyprenolol are equally effective in the 
management of patients with angina pectoris.^-9:!^ In 
this study, we have clearly shown that, with the dosing. 
schedule used, the standard formulation of propranolol 
given four times daily exerts a consistent beneficial ef- 
fect on exercise tolerance throughout the dosing 
schedule. In contrast, the effects of slow release oxpre-- 
nolol administered once daily diminish with time, the 
exercise tolerance, 24 hours after the drug (that is, bezi 
fore the next dose) being significantly reduced in com- 
parison with the values at 7 1/2 hours after this drug and 
at 4 and 12 hours after propranolol. 
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The effectiveness of nitroglycerin ointment in vasospastic angina pectoris 
at rest was evaluated in 10 patients selected for study. The study was 
performed after a 24 hour control period, and a randomized single-blind 
crossover experimental design was followed. Two percent nitroglycerin 
ointment (15 mg) or placebo ointment was administered every 6 hours 
for a period of 48 hours each; the first treatment period was followed by 
a second in which each preparation was used for a 24 hour period. All 
patients were hospitalized in the coronary care unit; an objective evalu- 
ation was carried out using a multichannel electrocardiographic recording 
to assure recognition of the painless ischemic episodes. Coronary angi- 
ography showed critical stenosis of one or two vessels in 9 of the 10 pa- 
tients; spasm was demonstrated in 3. Results of the ergonovine test were 
positive in nine of nine patients. Nitroglycerin ointment produced a sig- 
nificant reduction in the mean daily number of episodes during the first 
(12.5 + 3.9 versus 0.5 + 0.4, p <0.02) as well as the second treatment 
period (10.6 + 3.8 versus 0.6 + 0.4, p « 0.02). These results demonstrate 
that nitroglycerin ointment provides effective, long-lasting protection 
against angina due to coronary spasm. 


It is widely acknowledged that nitroglycerin is effective in interrupting 
attacks of angina pectoris occurring at rest; however, its fleeting duration 
of action renders it of little use as a prophylactic agent. The drug has been 
used in ointment form in an attempt to prolong its beneficial effects in 
angina pectoris.” In this form, nitroglycerin improves effort tolerance 
for more than 4 hours,*? but controlled trials in patients with angina 
pectoris at rest have not yet been reported. 

In the majority of cases angina pectoris at rest occurs in the absence 
of an increase of myocardial metabolic demand and is due to a decrease 
in oxygen supply determined by spastic occlusion of a large coronary 
artery.9-!! Nitrates could have a favorable effect on this type of angina 
by inducing coronary vasodilatation. Experimental findings demon- 
strating the powerful dilating effect of nitrates on both peripheral and 
coronary vessels with a prominent muscular component in their walls 
have been described.!?-!4 

The purpose of this study was to assess the effectiveness of nitro- 
glycerin ointment in a group of patients with angina at rest due to cor- 
onary spasm; because this type of angina is characterized by numerous 
ischemic episodes in the absence of pain, efficacy of treatment was as- 
sessed using a continuous electrocardiographic recording. 


Methods 


Patient selection: Ten patients with angina at rest were chosen on the basis 
of the following criteria: (1) presence of three or more ischemic episodes daily 
with or without pain; (2) absence of significant ventricular arrhythmia during 
the ischemic attacks; (3) absence of clinical or radiologic signs of heart failure; 
and (4) absence of electrocardiographic or enzymatic evidence of recent myo- 
cardial infarction. Patients over age 70 vears and those with maior svstemic 
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TABLE ! 
Clinical, Electrocardiographic, Hemodynamic and Angiographic Data in 10 Cases y 
Electrocardiographic Findings 
Age (Yr) Angina on Painless Spontaneous EM Coronary 
Case & Sex Effort Episodes Basal Ischemia Feat: EF" LVEP CI Angiography x 
1 37M No Yes Normal {S-T V4- V4 + 56 15 3.2 9096 stenosis LAD 
2 53M No Yes Normal {S-T Vo-V4 + 54 6 3.2 90% stenosis LAD 
3 46M No Yes Flat T . {ST Vz-Ve + 50 21 2.9 90% stenosis LAD; — — 
wave V2-V4 occlusive spasm ahorn 
exercise | 
4 57M Yes Yes Normal *S-T II, Ill, A. 55 10 3.2 9096 stenosis RCA; 
aVF 75% stenosis LAD 
5 51M No Yes Negative T 1S-T V4-V4 t 57 12 2.9 9096 stenosis LAD; 
wave V2-V4 9096 stenosis RCA > 
6 50M No Yes Flat T {S-T V4—-Ve + 66 12 3.2 90% stenosis LCx 1 
wave V4-V6 4 
7 63M Yes Yes Normal *S-T II, IIl, T 60 12 3.5 9096 stenosis RCA; 
aVF 5096 stenosis LCx 
8 46M Yes Yes Negative T *S-T II, Il, + 60 16 3.2 9096 stenosis RCA; 
wave V4-V6 aVF, Vs-Vg 90% stenosis LCx; 
50% stenosis LAD 
9 51M No Yes Normal *S-T II, Il, t 55 5 3.1 9096 stenosis RCA; 
aVF, V4- Va spontaneous occlusivel 
spasm ' 
10 47M No Yes Normal fS-T II, Ill, + 60 20 4.2 5096 stenosis RCA: 
aVF, Vs—Ve 50% stenosis LAD; 
subocclusive spasm 
RCA after EM 





Cl = cardiac index (liters/min per m?); EF = ejection fraction (96); EM = ergonovine maleate; LAD = left anterior descending coronary artery; 
LCx = left circumflex coronary artery; LVFP = left ventricular inei. pressure (mm Hg); RCA - right coronary artery; S-TÎ and S-T| = S-T 


elevation and depression, respectively; + = positive test; . 


disease, left main coronary arterial stenosis or previous 
myocardial infarction were excluded. All patients gave in- 
formed consent before entering the study. The clinical and 
electrocardiographic features of the patients are reported in 
Table I. 

Diagnostic procedures: A pharmacologic test with ergo- 
novine maleate was performed in nine patients, using the 
procedure already described in detail.!? In all cases the ergo- 
novine test was positive with typical pain and electrocardio- 
graphic changes similar to those observed during spontaneous 
ischemia. In all patients, left heart catheterization, left ven- 
triculography and selective coronary angiography according 
to the Sones technique were performed. Left ventricular 
function was normal or almost normal in all cases: ejection 
fraction, 57 + 4 percent (mean + standard deviation); cardiac 
index, 3.3 + 0.4 liters/min per m?; and left ventricular end- 
diastolic pressure, 13 + 5 mm Hg. 

The results of coronary angiography are reported in Table 
I. In three patients, coronary angiography, repeated during 
an ischemic episode, revealed spontaneous coronary spasm 
in one, ergonovine-induced spasm in a second and exercise- 
induced spasm in the third. In the latter patient (Case 3) an- 
giography was performed immediately after interruption of 
supine bicycle exercise testing because of the appearance of 
chest pain and S- T segment elevation; other aspects of this 
case have been reported in detail elsewhere.!6 The ischemic 
episodes were always terminated by administration of nitro- 
glycerin. 

During the study, repeated determinations of blood urea 
nitrogen, fasting blood sugar, total creatine kinase (CK), 
MB-CK isoenzyme, lactic dehydrogenase, sodium, potassium 
and chloride and chest radiography were performed. 

Design of investigation: All patients were admitted to the 
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sphygmomanometer and heart rate were measured every 2 
hours. Continuous electrocardiographic recordings of leads 
II, III (or I and II), Vo and V4 were carried out using Hew- 
lett-Packard 8811A preamplifiers. T'he bioelectric signals were 
displayed on an oscilloscope and simultaneously stored on 
Hewlett-Packard 3960 magnetic tape; the accumulated data 
were reviewed and recorded (Devices or Hewlett-Packard 
polygraphs) on the morning before the next study day. S-T 
segment shifts of 1 mm or greater or pseudonormalization of 
previously negative T waves lasting at least 1 minute were 
considered to represent an ischemic episode. Such electro 
cardiographic changes were referred to two distinct episodes 
when they were separated by at least 5 minutes during whic 
the electrocardiogram returned to baseline. Both symptomatic 
and asymptomatic ischemic episodes were pooled for analysi 
Figure 1 shows the electrocardiographic documentation oi 
three ischemic episodes recorded on paper in playback from 
the magnetic tape. During the entire study, recordings wert 
performed from 2 p.m. to 6 p.m. and from 10 p.m. to 6 a.m 
During the hours in which the electrocardiogram was not re- 
corded, the lead showing the most prominent alterations 
during ischemia was usually monitored. 

No patient was taking digitalis. Only one patient was taking 
propranolol, but administration of this drug was discontinued 
72 hours before the beginning of the study without worseni 
of the angina. Nitrates (except sublingual nitroglycerin as 
needed) and calcium antagonist agents were discontinued 7 
least 24 hours before the study. 

The study was performed after a 24 hour control period. A 
randomized single-blind crossover experimental design wa 
followed. In each patient, 2 percent nitroglycerin ointment 
(Nitrocor, Recordati S.p.A.) (15 mg) or placebo ointment was 
administered every 6 hours for 48 hours each. The first 
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'IGURE 1. Three asymptomatic 
ipisodes of S-T segment elevation 
B) in anterior leads during contin- 
lous electrocardiographic moni- 
oring. From top to bottom are leads 
, Ill, Vz and Vs. On the right, ex- 
landed segments of the electro- 
'ardiogram in basal condition (A) 
ind during ischemia (B) are shown 
o visualize the ischemic changes 
ietter. Each time the return of the 
»T segment to the baseline occurs 
ipontaneously. min. 


reparation was used for a period of 24 hours. Both nitro- 
slycerin ointment and placebo were applied over a surface of 
ibout 200 cm? of the chest or abdomen and covered with a 
jlece of plastic. Before each administration the ointment 
»reviously applied was thoroughly washed off. 

. Statistical analysis: Student's paired t test was used to 
letermine statistical significance of the data. The results are 
»xpressed as mean + standard deviation and were considered 
ügnificant at p «0.05. 


Results 


J. Angina and ischemic episodes: The incidence and 
listribution of painful and painless ischemic episodes 
n each patient during control, nitroglycerin and placebo 
deriods are shown in Figure 2. Nine patients had both 
iymptomatic and asymptomatic episodes and one pa- 
ient had only asymptomatic episodes. Only 13 percent 
Xf the episodes were painful with a painless/painful ratio 
f 6.8. The mean daily number of ischemic episodes 
bserved during the preliminary control period (10.9 + 
,.8) was not significantly different from that observed 
luring either the first (12.5 + 3.9) or the second (10.6 
E 3.8) placebo period (Fig. 3). The mean daily number 
ff ischemic episodes was significantly reduced (p «0.02) 
luring both the first (0.5 + 0.4) and the second (0.6 + 
.4) nitroglycerin treatment period compared with that 
if the placebo periods (Fig. 4). In seven patients nitro- 
lycerin ointment provided complete protection from 
schemic episodes and in three (Cases 4, 9 and 10) only 
yartial protection; in two of the latter (Cases 4 and 10) 
schemic attacks occurred over the last 2 hours of the 6 
tour interval between doses. 

. Blood pressure and heart rate: The mean daily 
alues of systolic and diastolic blood pressure were 
ignificantly lower (p <0.05) during nitroglycerin 
reatment (122 + 12 and 78 + 7 mm Hg, respectively) 
han during the placebo periods (133 + 14 and 83 +7 
am Hg). The mean daily heart rate was significantly 
igher (p <0.05) with treatmerit of nitroglycerin oint- 
aent (71 + 11 beats/min) than with placebo (67 + 10 
eats/min). 

Adverse effects: The only adverse effect reported 
ras headache, which occurred during administration 
f nitroglycerin ointment in three patients, but did not 
equire discontinuation of the drug. 
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Discussion 


Nitroglycerin metabolism: Nitrates, administered 
orally, reach the liver by way of the portal circulation 
in high concentrations and are rapidly metabolized by 
hepatic enzymes with loss of vasodilator activity.!? In 
the liver nitroglycerin is biotransformed into 1,3- and 
1,2-glycerol nitrate, glycerol mononitrate and inorganic 
phosphate. The plasma half-life of nitroglycerin is only 
2 minutes.!? Nitrates administered cutaneously or sub- 
lingually reach the systemic circulation directly. Thus 
with nitrates, as with various other drugs, a simple 
change in the route of administration alters the effec- 
tiveness and duration of activity more than does mo- 
lecular modification of the drug. 

Mechanism of action: Nitroglycerin improves ox- 
ygenation of the ischemic myocardium. 'This improve- 
ment can be accomplished by either an increase in 
coronary flow!9-?! or a decrease in myocardial metabolic 
demand due to reduction of the afterload and above 
all of the preload.??-?? The latter property of nitro- 
glycerin is principally utilized to improve exercise tol- 
erance.* 7.2228 However, this mechanism cannot account 
for its effectiveness in angina at rest, which is due to a 
primary reduction in coronary blood flow rather than 
to an increase in myocardial metabolic demand. It is 
well known that nitroglycerin relieves coronary spasm 
and resolves ischemic attacks.*-!!:29-3! However, the 
effects of nitroglycerin on coronary flow in human 
beings are controversial????-? because of the various 
techniques and experimental designs used. According 
to recent reports,?^?^ nitroglycerin decreases coronary 
flow in subjects with normal coronary arteries but 
produces a redistribution of coronary flow from nor- 
mally perfused to hypoperfused regions in patients with 
coronary artery disease. The drug's dilating effect on 
conducting coronary vessels is used to distinguish or- 
ganic from functional alterations.?9-?8 The results de- 
scribed here show that nitroglycerin ointment prevents 
ischemic episodes in almost all patients with angina at 
rest. Similar findings have been reported with nitro- 
glycerin administered either sublingually?? or by infu- 
sion,*® or with isosorbide dinitrate by infusion.*! 

Dose, duration of action and adverse effects: The 
variation in daily distribution of ischemic episodes in 
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FIGURE 2. Time of occurrence of ischemic episodes in each of the 10 patients during control, placebo and nitroglycerin (NTG) treatment periods. 
Open and closed circles indicate pain-free and painful episodes, respectively. The time scale (hours from 8 a.m.) is reported at the bottom. 
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FIGURE 3. Daily number of ischemic episodes (mean + 
standard deviation) during the control and first (left) and 
=] (right) placebo periods. No significant differences 
vere found between the control and placebo periods. 
N.S. = not significant. 
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FIGURE 4. Daily number of ischemic episodes (mean + 
deviation) during the first (left) and second (right) 
itroglycerin (NTG) treatment periods compared with 
lacebo. The drug induced a significant reduction in the 
ean number of ischemic episodes during both treatment 


periods. 
E 
E 
patients with angina pectoris at rest renders difficult 
an exact estimation of the duration of the protective 
effect of nitroglycerin ointment. However, in this study 
the complete protection achieved in 7 of the 10 patients 
treated (some of whom had numerous and uniformly 
distributed ischemic episodes) suggests that nitro- 
lycerin ointment was effective in preventing ischemic 
episodes over the 6 hour interval between applications. 
The less than complete protection provided in the re- 
maining three patients could be due either to the inef- 
ficacy of nitroglycerin ointment in preventing ischemic 
episodes or more probably to individual differences in 
cutaneous absorption rate resulting in subtherapeutic 
blood levels. 
— Little is known about the pharmacokinetics of ni- 
troglycerin ointment. The amount of absorption of the 
dose applied in relation to the site and surface area of 
application remains to be established and requires de- 
termination of nitroglycerin blood levels at various 
times after administration, a task complicated by nu- 
merous technical problems.4?4? In this study the dose 
of nitroglycerin used was the same for all patients, but 
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individualized doses according to the site of application 
may have permitted even better results. Because ab- 
sorption of nitroglycerin through the skin is gradual, 
larger doses can be used without causing the hypoten- 
sion or bradycardia that have been observed with par- 
enteral or sublingual administration.44-47 Over the last 
3 years we have used nitroglycerin ointment in ap- 
proximately 350 patients with angina pectoris, acute 
myocardial infarction and heart failure. The only ad- 
verse effect observed was headache, which occurred in 
about 30 percent of these patients, usually diminishing 
or disappearing with continuation of the drug. Head- 
ache occurred in three patients in this trial, but was 
never severe enough to necessitate interruption of 
treatment. The appearance of this effect is indirect 
evidence for the absorption of nitroglycerin. 
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-lectrophysiologic Effects of N-Acetylprocainamide in 


The electrophysiologic properties of N-acetylprocainamide (NAPA) were 
studied in 10 patients undergoing cardiac catheterization. Each patient 
received two successive intravenous infusions: one loading infusion over 
15 minutes and one maintenance infusion at a slower rate for 30 minutes. 
Eight patients received 10.5 mg/kg body weight and two received larger 
doses (16 and 21 mg/kg, respectively). NAPA plasma concentration was 
measured at 5 minute intervals from 0 to 25 minutes, and then at 15 and 
30 minutes of the second infusion. Mean blood pressure and electro- 
physiologic data obtained by programmed stimulation were recorded 
before drug administration and at 15 and 30 minutes of the infusion when 
the concentration of NAPA was nearly constant in each patient (range 
12 to 35 ug/ml). NAPA decreased blood pressure (p <0.005), increased 
corrected Q-T interval (p <0.01) and increased the atrial and ventricular 
effective refractory periods from 267 + 40 to 307 + 41 ms (p <0.01) and 
from 278 + 37 to 301 + 32.8 ms (p <0.05), respectively. NAPA did not 
significantly change sinus cycle length or sinus nodal recovery time, 
conduction intervals (A-H, H-V, P-R, QRS), atrioventricular nodal func- 
tional refractory period or nodal Wenckebach cycle length. The patient 
receiving the largest dose experienced mild nausea when the plasma 
concentration was above 35 ug/ml. These data show that the electro- 
physiology of NAPA in human beings is different from that reported for 
procainamide. At the plasma concentrations studied NAPA increases atrial 
and ventricular refractory periods without increasing cardiac conduction 
times. 


N-acetylprocainamide (NAPA), the major metabolite of procainamide 
in human beings,'~* has a longer half-life than its parent compound?-!? 
and does not seem to cause systemic lupus erythematosus during long- 
term administration.'^!* NAPA has antiarrhythmic effects in experi- 
mental animals?/!?.!6 and in human beings.?:11.13.1718 Woosley et al.!9 
recently reported that patients whose ventricular arrhythmias are 
suppressed by either procainamide or NAPA will not necessarily have 
these same arrhythmias suppressed by the other compound. Previous 
work in our laboratory?? showed that NAPA and procainamide have 
different electrophysiologic properties in anesthetized dogs. At clinically 
relevant plasma concentrations procainamide produced a linear increase 
of His-Purkinje system and intraventricular conduction times as a 
function of plasma drug concentration whereas NAPA did not alter 
conduction times. If this difference in electrophysiologic properties also 
occurs in human beings it could explain the different antiarrhythmic 
response to these compounds observed in patients.!? 

In the present study we further characterize the electrophysiologic 
effects of NAPA in human beings. We performed intracardiac electro- 
physiologic studies during acute intravenous drug infusions in patients 
undergoing cardiac catheterization. Electrophysiologic measurements 
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were made when NAPA plasma concentrations were 
reasonably constant and in the range associated with 
antiarrhythmic action in patients. 


Methods 


Patient characteristics: Ten patients, eight men and two 
women, with a mean age of 52 years who had no overt heart 
failure or limiting valve disease were studied at the time of 
diagnostic cardiac catheterization. The characteristics of the 
patients are summarized in Table I. Nine patients had coro- 
nary artery disease documented with coronary arteriography 
and one patient had possible coronary spasm with atypical 
chest pain. All patients had normal cardiac conduction pat- 
terns in the 12 lead electrocardiogram at rest. Three patients 
were taking maintenance doses of propranolol for angina 
pectoris and one was receiving long-term digoxin therapy. 
Serum electrolytes were normal in all patients. The experi- 
mental protocol was approved by the Stanford University 
Medical Committee on the Use of Human Subjects in Re- 
search, and written informed consent was obtained in each 
case. Cardiac catheterization and coronary arteriography were 
performed for clinical indications with the patient in the 
postabsorptive state under light sedation with 10 mg of di- 
azepam given orally. 

Electrophysiologic methods: Electrophysiologic studies 
were undertaken at least 30 minutes after left ventriculog- 
raphy using techniques similar to those reported previously 
from our laboratory.?'-?? A 7F quadripolar recording-stimu- 
lating electrode catheter was positioned in the high right 
atrium and a 6F quadripolar electrode catheter was positioned 
across the tricuspid valve for the His bundle electrogram. 
surface electrocardiogram leads I, aVF and V, were recorded 
simultaneously with atrial and His bundle electrograms. Ar- 
terial pressure was measured through a 7F end-hole pigtail 
catheter positioned in the descending aorta and attached to 
a Statham P23Db transducer. Mean arterial pressure was 
derived electronically. The atrial and ventricular stimuli were 
pulsed square wave potentials with a duration of 2 ms and 
amplitudes equal to twice diastolic threshold. To assess sinus 
nodal recovery, the initial sinus pause and subsequent 10 sinus 
cycles were measured after pacing for 1 minute at each of three 
cycle lengths (580, 430 and 400 ms). The sinus nodal recovery 
time taken for analysis was the longest A-A interval occurring 
after pacing at any cycle length. 

The longest cycle length at which atrioventricular (A-V) 
nodal Wenckebach block consistently occurred was measured 
during atrial pacing at progressively shorter cycle lengths and 
was determined to the nearest 10 ms. In some patients, pacing 
was terminated for considerations of patient safety because 
angina occurred before Wenckebach block was reached. A 
basic pacing rate was then selected for edch patient at 10 to 
15 beats/min above the spontaneous sinus rate, or at 100 
beats/min, whichever was greater. This rate was the same for 
individual patients during studies performed before and after 
drug administration. Refractory periods were then determined 
by the extrastimulus technique. An atrial premature stimulus 
(So) was introduced after every eighth paced atrial beat (S,). 
The S,-S» interval was reduced by 10 ms intervals until the 
atrium could no longer be captured. 

Definitions: The effective refractory period of the atrium 
is defined as the longest S,-S» interval at which S» fails to 
depolarize the atrium. The A-V nodal effective refractory 
period is the longest A,—A» interval at which Ag fails to de- 
polarize the His bundle. The A-V nodal functional refractory 
period is the shortest H;-H» interval achieved. To determine 
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TABLE | ] 
Clinical Data on Patients Receiving N-Acetylprocainamide 






Age (yr) 


Case & Sex Diagnoses Drug Therapy E 






1 48M Old myocardial infarction, Digoxin 1 
2 vessel CAD 4 
2 36F Angina, coronary spasm No drug Jd 
3 55M Angina, mild aortic stenosis, Propranolol, — 
3 vessel CAD isosorbide 4 
dinitrate | j 
4 57M Prior CABG, 3 vessel CAD No drug 
5 62F Old myocardial infarction, Nitroglycerin [ 
angina, 3 vessel CAD 
6 60M Old myocardial infarction, No drug 
1 vessel CAD | 
7 71M Old myocardial infarction, No drug | 
3 vessel CAD 
8 39M Angina, 1 vessel CAD Propranolol 
9 44M Old myocardial infarction, Isosorbide 
prior CABG, 3 vessel CAD dinitrate | 
10 49M Unstable angina, borderline — No drug ^ 


hypertension | 
l 


CABG = coronary arterial bypass graft; CAD = coronary arter 
disease. 


right ventricular refractoriness, the His electrode catheter wa 
advanced across the tricuspid valve to the right ventricula 
apex. A ventricular extrastimulus was introduced after ever 
eighth ventricular beat paced at the base rate. The S;—So in 
terval was reduced until the ventricle failed to capture. Th 
longest S-S% interval at which S» consistently failed to caus 
ventricular depolarization was taken as the effective refractor 
period of the right ventricle. T'he A-H interval was defined a 
the interval from the onset of the low right atrial electrogran 
to the onset of the His bundle deflection. The H-V interva 
was measured from the onset of the His deflection to th 
point of earliest ventricular depolarization in any lead. Th 
Q-T interval was corrected by the formula: QTc : 
Q'T/4/ R-R interval. 

Measurements during control period and after dru; 
infusion: Before administration of NAPA the followin; 
control measurements were made: R-R, P-R, QRS and Q-T 
intervals, the surface electrocardiographic leads, mean arteria 
pressure, intracardiac conduction intervals (A-H and H-V 
at both the spontaneous cycle length and at the basic atria 
pacing cycle length, atrial, A-V nodal and right ventricula 
refractory periods at the basic pacing cycle length, sinus noda 
recovery time and Wenckebach cycle length. After the intra 
venous infusion was begun, arterial pressure and electro 
graphic intervals were measured every 5 minutes. Atrial anc 
A-V nodal refractory periods, sinus nodal recovery times an 
Wenckebach cycle length were determined at 30 and 4| 
minutes of drug infusion. The right ventricular effective re 
fractory period was determined only in the control state an« 
at 45 minutes. 

Drug administration and analysis: N-acetylprocaina 
mide was obtained as a sterile solution (Arnar-Stone Phar 
maceuticals, McGaw Park, Illinois) containing 100 mg/ml 
which was diluted to the 'appropriate concentrations witl 
normal saline solution. The drug solution was administere 
as two successive intravenous infusions by a constant rati 
Harvard infusion pump. The first was a rapid loading infusior 
given over 15 minutes and the second was a slower mainte 
nance infusion given for 30 minutes. This double infusior 
procedure facilitated rapid achievement and maintenance o 
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INFUSION 1 


INFUSION 2 


NAPA PLASMA CONCENTRATION (ug/ml) 





0 5 15 25 35 45 
TIME (min) 
IGURE 1. Plasma concentrations of N-acetylprocainamide (NAPA) 
s a function of time during the two successive intravenous infusions. 
E on patients (closed circles) received a total dose of 10.5 mg/kg, one 
gren (open circle) received 15.8 mg/kg and one (open triangle) re- 
ceived 21 mg/kg. 


















l p 


easonably constant NAPA plasma concentrations during the 
el lectrophysiologic measurements (expected plasma concen- 
tre ation range of 15 to 25 ug/ml based on the data of Strong et 
al.!?). Eight patients received a total dose of 10.5 mg/kg of 
NAPA, one patient received 15.8 mg/kg and one received 21 
mg/kg. 

. Venous blood samples were obtained from the antecubital 
vein of the arm not used for drug infusion at 0, 5, 10, 15, 20, 25, 
30 and 45 minutes after commencement of the initial infusion. 
All samples were immediately centrifuged and the plasma was 
removed and frozen at —20° C until analyzed. NAPA plasma 
concentrations were determined with a high pressure liquid 
chromatographic method previously reported. No pro- 
cainamide was detected in any of the plasma samples. 

F Statistical analysis: Electrophysiologic data at 30 and 45 
E were compared with control measurements by a 
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TABLE ll 
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two-tailed Student's t test for paired data. The level of sig- 
nificance was fixed to a p value of less than 0.05. Values are 
expressed as mean values + standard deviation. 


Results 


Plasma NAPA Concentrations 


Plasma concentrations of NAPA during 45 minutes 
of the two successive infusions are shown in Figure 1. 
Peak NAPA plasma concentration occurred at the end 
of the 15 minute loading infusion and ranged from 18.9 
to 51.9 ug/ml. During the maintenance infusion, plasma 
concentration of NAPA decreased slightly initially and 
then remained nearly constant while electrophysiologic 
measurements were made (plasma concentrations 
ranged from 12.0 to 32.2 ug/ml at 30 minutes and from 
12.2 to 27.2 ug/ml at 45 minutes). 

Adverse effects: T'he only adverse effect observed 
during these infusions was mild nausea associated with 
marked hypotension, which occurred in the patient 
receiving the largest NAPA dose at a time when the 
NAPA plasma concentration was greater than 35 ug/ml. 
It was our impression that the nausea was related more 
to the rapid rate of infusion than to the peak plasma 
concentration achieved. 


Electrophysiologic and Hemodynamic Data (Table Il) 


Mean arterial pressure: NAPA resulted in a de- 
crease of mean arterial pressure (Fig. 2) that was espe- 
cially prominent during and immediately after the 
loading infusion. Mean arterial pressure during sinus 
rhythm decreased from a control value of 105.4 + 15.8 
to 92.6 + 19.7 mm Hg (p <0.005) at 15 minutes and then 
returned toward the control level by the end of the 45 
minute period. 

Sinus nodal rate and recovery time: Sinus cycle 
length (R-R interval) decreased during the first rapid 
infusion of NAPA from a control value of 948 + 110 to 
892 + 108 ms (p <0.01) at 15 minutes. Measurements 


Electrophysiologic and Pressure Data (mean + standard deviation) 





| 


Control 


N-acetylprocainamide 


t=0 t = 15 Min t = 30 Min t = 45 Min 


ae aia 


1 Ride length (ms) 105.4 + 15.8 925 T 19:7* 94.1 + 17.6 97.9 + 20.5 
E SNRT (ms) 948 + 110 892 + 109° 930 + 133 934 + 151 
W, P-R (ms) 1227 4.185 T 1149 + 187 1238 + 148 
B- QRS (ms) 178 + 20 182 + 31 176 + 22 176 + 26 
E Q-Tc (ms) 89.5 + 12.6 90.5 + 12.1 90 + 12.5 90.5 + 12.1 
j A-H (spont.) (ms) 410 + 39 461+ 33* 469 + 28* 466 + 38° 
D A-H (paced) (ms) 9» 93.5 22.7 97.5 + 29.6 902:5.:- 21.8 94.5 t 22.8 
H-V (ms) 122 + 56 107 + 30 124 + 66 119 + 57 
Atrial ERP (ms) 44.7+ 6.7 44.7 t 6.7 44.7 t 6.7 44.7 t 6.7 
A-V nodal FRP (ms) 267 + 40 nf 309 + 42.5* 307 1412" 
RV ERP (ms) 434 t 73 451 t 70 456 t 72 
WCL (ms) 278 + 37 Ae 301 + 34° 
426 + 70 438 + 90 457 + 84 


* Statistically significant change (probability [p] <0.05) from control value. 
BP = blood pressure; ERP = effective refractory period; FRP = functional refractory period; RV = right ventricular; SNRT = sinus nodal recovery 
time; t = time; WCL = Wenckebach cycle length. 





of mean sinus cycle length at 5 minute intervals are 
plotted in Figure 2. During the second maintenance 
infusion, the R-R interval returned to control value (934 
i 150 ms at 45 minutes). Sinus nodal recovery time 
measured in nine patients is plotted for each patient 
before and during drug infusion (at 30 and 45 minutes) 
in Figure 3. Sinus nodal recovery time did not change 
significantly at 30 and 45 minutes of infusion when 
compared with the value in the control state. 
Conduction times (Fig. 2): The P-R and QRS in- 
tervals did not change significantly during the 45 min- 
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FIGURE 2. Temporal variations of mean arterial pressure, sinus cycle 
length (R-R interval), and P-R, A-H and H-V intervals during NAPA 
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utes of drug infusion. The A-H interval during sinu 
rhythm and during constant atrial pacing and the H- 
interval and QRS duration did not change significant] 
during NAPA infusion. 

Atrial and A-V nodal refractoriness (Fig. 3): Th 
effects of NAPA on the atrial effective refractory period 
were measured in nine patients. The mean atrial ef- 
fective refractory period significantly increased from 
266 + 40 ms in the control period to 306 + 41 ms (p 
<0.005) at 45 minutes of infusion. Neither the A-V 
nodal functional refractory period nor the Wenckebach 
cycle length increased significantly at 30 and 45 minu 
of NAPA infusion. E 

The A-V nodal effective refractory period could bé 
measured in only three patients because of longer atrial 
refractoriness, and in these three patients it did not 
change significantly (383 + 106 ms in control state to 
368 + 75 ms at 30 minutes of NAPA infusion.) The ef- 
fective refractory period of the His-Purkinje system 
could not be determined because block below the His 
bundle did not occur in any patient. 1 

Ventricular refractoriness and repolarization 
(Fig. 3): The effective refractory period of the right 
ventricle was measured in 10 patients and increased by 
a mean of 23 ms (from 278 + 37 to 301 + 34 ms, p <0.05). 
Seven patients had an increase, two patients no change 
and only one patient had a decrease after NAPA infu- 
sion. 

The mean values of the Q-Tc interval increased. 
significantly at the end of the first NAPA infusion (from. 
a control value of 410 + 39 ms to 461 + 33 ms, p <0.01) 
and then remained prolonged until the end of the 
maintenance infusion of NAPA (466 + 38 ms at 45. 
minutes [p «0.01 as compared with the control 
value}). i 

Discussion 


Plasma concentrations: The infusion rates in this 
study were chosen to maintain stable plasma concen- 
trations of N-acetylprocainamide (NAPA) during 
electrophysiologic measurements. The electrophysio- 
logic effects of intravenous N-acetylprocainamide were 
ascertained for mean plasma concentrations of 12 to 30 
ug/ml. This range of drug concentrations effectively 
spans the range of concentrations over which NAPA is 
reported to have antiarrhythmic effects in human 
beings. Lee et al.!? previously found peak NAPA plasma 
concentrations averaging 13.5 ug/ml to have antiar- 
rhythmic activity in studies in human beings. Atkinson 
et al.? estimated the threshold NAPA plasma concen- 
tration at which a significant increase in premature - 
ventricular complexes occurred in seven patients by - 
correlating plasma concentration with a computer- - 
generated record of the frequency of premature ven- 
tricular complexes after discontinuation of NAPA 
therapy. This threshold averaged 11 ug/ml (range 2 to 
22). Woosley et al.!? showed that the therapeutic win- 
dow of NAPA was approximately twofold higher than 
that of procainamide (8 to 18 ug/ml). Although plasma 
concentrations of NAPA as high as 28 ug/ml may be 
observed in patients with impaired renal function re- 
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perience with multiple oral dosing with NAPA revealed 
a high rate of intolerable effects associated with plasma 
concentrations ranging from 6.9 to 29 ug/ml.!! There- 
fore, it would not seem clinically relevant to assess the 
electrophysiologic effects of NAPA at plasma concen- 
trations beyond those that were achieved in the present 
study. . 

The intravenous administration of NAPA resulted 
in predictable drug plasma concentrations, a potentially 
desirable property for an antiarrhythmic drug. In the 
eight patients receiving the same dose of NAPA (10.5 
- mg/kg), the range of plasma concentrations was quite 
- narrow (12.03 to 18.9 ug/ml at 30 minutes and 12.15 to 
20.5 ug/ml at 45 minutes). 

Blood pressure and sinus nodal rate and recovery 
time: N-acetylprocainamide resulted in a decrease of 
arterial pressure, accompanied by an increase in heart 
rate, during the loading infusion. During the mainte- 
nance infusion when arterial pressure was returning 
toward control values, the tachycardia disappeared. 
This shortening of the R-R interval most likely repre- 
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induced hypotension. However, we cannot exclude a 
vagolytic action of NAPA similar to that seen for 
quinidine and procainamide. In dogs, Amlie et al.?? 
found a transient reduction in blood pressure after an 
intravenous injection of NAPA with a return of blood 
pressure to control levels 30 to 40 minutes later. The 
present results in patients are in agreement with our 
previous findings in anesthetized dogs?? in which there 
was no significant change of blood pressure after 30 
minutes of a constant intravenous infusion of NAPA. 
Woske et al.24 observed that in anesthetized dogs pro- 
cainamide produced an initial reduction in arterial 
pressure that was related more closely to the speed of 
injection of the drug than to the total amount of drug 
injected. In dogs anesthetized with pentobarbital, 
Bagwell et al.!6 did not find any significant decrease of 
blood pressure after administration of NAPA. 

NAPA did not significantly change the sinus nodal 
recovery time in our present study. The results are 
consistent with our previous findings?? in anesthetized 
dogs. 

Conduction times: NAPA did not produce any sig- 


nificant chance in intracardiac conduction times. The 





lack of effect of NAPA on the A-H interval is identical 
to the findings of our previous study?? in anesthetized 
dogs. NAPA did not change either the H-V interval or 
the QRS duration. This lack of effect on His-Purkinje 
and intraventricular conduction times is also in agree- 
ment with our findings in anesthetized dogs. This failure 
of NAPA to change the H-V interval constitutes one 
major electrophysiologic difference from procainamide, 
which is known to prolong H-V conduction time in 
dogs???3.? and human beings.?>-27 The failure of NAPA 
to alter conduction times is consistent with the micro- 
electrode findings of Dangman and Hoffman,28 who 
observed that NAPA exerted no significant change of 
the maximal velocity of the upstroke of the action po- 
tential of canine cardiac Purkinje fibers. It is also in 
agreement with the findings in human beings that after 
single or multiple oral doses of NAPA there is no change 
in the P-R or QRS interval in the surface electrocardi- 
ogram.?.!! 

Cardiac refractoriness: In this study, NAPA sig- 
nificantly prolonged the duration of right atrial and 
ventricular effective refractory periods. The refracto- 
riness of the A-V node was minimally prolonged, but the 
change was not significant. The ventricular repolari- 
zation time (Q-Tc interval) was also significantly pro- 
longed during the NAPA infusions. NAPA’s effect on 
right atrial and ventricular refractoriness confirms our 
previous findings in anesthetized dogs," and is in 
agreement with other experimental animal data.2?:29 
NAPA’s effect on the Q- Tc interval in this study after 
intravenous dosing is also consistent with the concen- 
tration-dependent prolongation of the Q-Tc interval we 
observed during a dose-ranging study with oral 
NAPA.!! The lack of significant effect of NAPA on the 
A-V nodal functional refractory period and the 
Wenckebach cycle length in human beings differs from 
our findings in anesthetized dogs in which NAPA in- 
creased nodal refractoriness and Wenckebach cycle 
length.?? These differences may be related to differences 
in autonomic tone. In contrast to the difference between 
the effects of procainamide and NAPA on cardiac 
His-Purkinje conduction time NAPA’s prolongation of 
atrial and ventricular refractoriness and the lack of ef- 
fect on the A-V functional refractory period are similar 
to the reported actions of procainamide in human 
beings.25-27.29 

Therapeutic implications: This electrophysiologic 
study of NAPA may have several implications relating 
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to its clinical use as an antiarrhythmic agent in humar 
beings. 3 

(1) This study confirms in human beings that NAPA 
and procainamide have different dromotropic effects 
on the His-Purkinje system. Procainamide decreases 
the speed of conduction below the A-V node whereas 
NAPA produces no significant change. These findings 
suggest that for the treatment of ventricular arrhytl 
mias NAPA and procainamide should be considere 
totally different compounds, because slowing of con- 
duction may be important for the control of some ven- 
tricular arrhythmias. The practical implication of this 
difference was recently confirmed by Woosley et al.,!9 
who showed that procainamide and NAPA exhibi 
marked differences in antiarrhythmic activity for sup- 
pression of ventricular ectopic beats. Some patients may 
respond to treatment with procainamide but be resi 
tant to NAPA, and the converse may be true. Further- 
more, one cannot necessarily consider that the NAPA 
present during long-term oral procainamide therapy 
contributes to the antiarrhythmic effect of the pro- 
cainamide. 4 

(2) The lack of effect of NAPA on cardiac conduction 
could make it a safe drug to use in patients with ar- 
rhythmias and concomitant His-Purkinje conduction 
disease. However, it must be emphasized that the pa- 
tients in our present study appeared to be free of His- 
Purkinje disease. It is possible that NAPA could have 
some adverse effect on conduction in patients with 
preexisting abnormalities. It is also possible that plasma 
concentrations higher than those achieved in this study 
could result in some slowing of His-Purkinje conduc- 
tion. | 

(3) In this study NAPA plasma concentrations in the 
range of 12 to 40 ug/ml were well tolerated by patients 
in the supine position. Arterial hypotension remained. 
modest as long as the drug was intravenously infused. 
at a rate of less than 50 mg/min. Too rapid an injection 
rate or administration to a patient in hemodynamically 
unstable condition could lead to a clinically important 
decrease in blood pressure. 
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The STS-5000 Stress Test System consists of a 
compact heavy duty treadmill featuring smaller 
overall size with no sacrifice in performance or 
quality. This treadmill offers 07/2575 elevation 
and O0~7'/2 mph plus start-up at true zero speed 
and elevation. The STS-5000 is controlled by a 
programmable protocol controller plus a unique 
two-trace presentation display that brings stress 
test documentation "up from the middle ages." 
The basic system provides full documentation 
automatically written out for later evaluation. 
Typically generated are 3-lead or 12-lead ECG, 
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continuous 3-lead rhythm analysis, plus auto 
write-out of stage and time markings, maximum 
heart rate, target heart rate and percentage of 
target heart rate achieved. Included are 
trendings of both heart rate and systolic blood 
pressure. All these result in a dramatic stress 
test system with improved performance at a 
cost under $20,000. 

Let our sales and service network show you how 
this system, backed by 30 years of experience, 
can work for you. 

Please call collect today. , 
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(213) 320-3891 Collect calls invited 
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The all new 15th Edition of MODERN DRUG ENCYCLOPEDIA is 
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tive information on prescription drugs. 
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manufacturer's name. 
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DIULO™ (metolazone) 2V2-mg., 5-mg. and 
10-mg. tablets Before prescribing, see com- 
plete prescribing information. The following 
is a brief summary: Indications: Diulo 
(metolazone) is an antihypertensive diuretic 
indicated for the management of mild to 
moderate essential hypertension as sole 
therapeutic agent and in the more severe 
forms of hypertension in conjunction with 
other antihypertensive agents. Also, edema 
associated with heart failure and renal dis- 
ease. Contraindications: Anuria, hepatic 
coma or precoma; allergy or sensitivity to 
metolazone. Warnings: In theory, cross- 
allergy may occur in patients allergic to 
sulfonamide-derived drugs, thiazides or 
quinethazone. Hypokalemia may occur, and is 
a particular hazard in digitalized patients; 
dangerous or fatal arrhythmias may occur. 
Azotemia and hyperuricemia may be noted 
or precipitated. Considerable potentiation 
may occur when given concurrently 

with furosemide. When added to other 
antihypertensives, the dosage of the other 
agents should be reduced. Use with 
potassium-sparing diuretics may cause potas- 
sium retention and hyperkalemia. Adminis- 
tration to pregnant women or those of 
childbearing age requires that potential bene- 
fits be weighed against possible hazards to 
the fetus. Metolazone appears in the breast 
milk. Not recommended for pediatric use. 
Precautions: Perform periodic examination of 
serum electrolytes, BUN, uric acid, and glu- 
cose. Observe patients for signs of fluid or 
electrolyte imbalance, hyponatremia, hypo- 
chloremic alkalosis and hypokalemia. These 
determinations are particularly important 
when there is excessive vomiting or diarrhea, 
or when parenteral fluids are administered. 
Patients treated with diuretics or corticoste- 
roids are susceptible to potassium depletion. 
Caution should be observed when adminis- 
tering to patients with gout or hyperuricemia 
or those with severely impaired renal func- 
tion. Insulin requirements may be affected in 
diabetics, and hyperglycemia and glycosuria 
may occur in latent diabetes. Chloride deficit 
and hypochloremic alkalosis may occur. 
Orthostatic hypotension may occur. Dilutional 
hyponatremia may occur. Adverse Reactions: 
Constipation, nausea, vomiting, anorexia, 
diarrhea, bloating, epigastric distress, intra- 
hepatic cholestatic jaundice, hepatitis, 
syncope, dizziness, drowsiness, vertigo, 
headache, orthostatic hypotension, excessive 
volume depletion, hemoconcentration, ve- 
nous thrombosis, palpitation, chest pain, leu- 
kopenia, urticaria, other skin rashes, dryness 
of mouth, hypokalemia, hyponatremia, hypo- 
chloremia, hypochloremic alkalosis, hyper- 
uricemia, hyperglycemia, glycosuria, raised 
BUN or creatinine, fatigue, muscle cramps or 
spasm, weakness, restlessness, chills, and 
acute gouty attacks. Usual Initial Once-Daily 
Dosages: Mild to moderate essential hyper- 
tension — 2*5 to 5 mg.; edema of cardiac fail- 
ure — 5to 10 mg.; edema of renal disease — 
5 to 20 mg. Dosage adjustment is usually 
necessary during the course of therapy. How 
Supplied: Tablets, 21⁄2, 5 and 10 mg.; in bot- 
tles of 100 and 500, and cartons of 100 unit- 
dose individually blister-sealed tablets. 
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Dramatically reduced false alarms 


We start with template matching—the preferred 
method—to discriminate between the patient’s 
dominant beat and ectopics. But only Arrhythmia lI 
adds two unique features to screen out artifact, 
ensuring that only qualified ectopic activity 
triggers alarms or is included in trends: (1) each 
abnormal beat must appear four times before it’s 
accepted as a true’ ectopic class, and (2) our 
-Over-range circuitry suspends ECG processing 
for a minimum of five seconds when it detects 
excessive noise. 


More meaningful patient information 
Other computerized arrhythmia detection systems 
may accurately detect and record ectopic activity. 
But we just start there. Only Arrhythmia II allows 
you to select those ectopics that are particularly 
important for a patient and to include only those 
ectopics in trends. You can quickly recall classes 
of ectopics and their frequency over 24 hours. 
And, on the Editor, you can trend a specific class 
or combination of classes for 1, 2, 8 or 24 hours, 
without having to edit out each occurrence of 
unwanted information. 
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See effects of treatment on one screen A computer for each patient 

Only Arrhythmia II lets you trend medications, Hospitals using minicomputer systems have 

ectopics and vital signs on one display, in a concise experienced the loss of critical data on all 

and easy-to-interpret format. And it provides patients connected to the system when the 

24-hour recall so the precise information on computer malfunctions. But that can t happen 

ectopics, vital signs and medications is available with Arrhythmia ll, because each patient 

for any specific time. has his own computer. And any malfunction 
only affects that one patient. The micropro- 
cessor-based cardule can then be replaced 
in minutes and easily repaired by simply 
inserting a new circuit board. 





We designed Arrhythmia II to solve clinical problems 
that other arrhythmia systems have not even 
tried to solve. We feel it represents our care and 
concern in applying technology to the clinical 
setting —an approach that has made Spacelabs the 
fastest growing company in patient monitoring today. 


But you don't have to take our word for it. Call us 
today (213-882-9560, collect) to arrange for an 
evaluation in your hospital. Then we think you ll agree 
with the growing number of your colleagues who 
believe that Arrhythmia II is the best 


system available. Spacelabs 


New Dimensions in Monitoring 
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KLOTRIX 


(POTASSIUM CHLORIDE) 


SLOW-RELEASE TABLETS 10 meq 


Klotrix contains more potassium chloride per 
tablet — 10 mEq. Its patented, dual-control 
delivery system allows Klotrix to release KCI... 
slowly and smoothly. The result: fewer tablets 
do the job. Switch to Klotrix and spare your 
patients a lot of extra tablets; it's a nice way to 
encourage compliance. 





nice savings 
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(LOTRIX® 
(POTASSIUM CHLORIDE) SLOW-RELEASE TABLETS 10 mEq 
JESCRIPTION KLOTRIX is a film-coated (not enteric-coated) tablet containing 750 mg potassium 
chloride (equivalent to 10 mEq) in a wax matrix. This formulation is intended to provide a 
controlled release of potassium from the matrix to minimize the likelihood of producing high 
‘localized concentrations of potassium within the gastrointestinal tract. 

INDICATIONS — BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 


1 For therapeutic use in patients with hypokalemia with or without metabolic alkalosis; in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 
2. For prevention of potassium depletion when the dietary intake of potassium is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites; states of aldosterone excess with normal renal function; 
‘potassium-losing nephropathy. and certain diarrheal states 
3. The use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- 
tension is often unnecessary when such patients have a normal dietary pattern. Serum potassium 
should be checked periodically. however, and, if hypokalemia occurs, dietary supplementation 
with potassium-containing foods may be adequate to control milder cases. In more severe cases 
‘Supplementation with potassium salts may be indicated. 
CONTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium 
“concentration in such patients can produce cardiac arrest. Hyperkalemia may complicate any of 
the following conditions: chronic renal failure, systemic acidosis such as diabetic acidosis. acute 
“dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- 
‘tration of a potassium-sparing diuretic (eg, spironolactone, triamterene). 
"Wax -matrix potassium chloride preparations have produced esophageal ulceration in certain 
cardiac patients with esophageal compression due to enlarged left atrium. 
All solid dosage forms of potassium supplements are contraindicated in any patient in whom there 
is cause for arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 
‘Supplementation should be with a liquid preparation. 
ARNINGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium. 
- administration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most 
commonly in patients given potassium intravenously but may also occur when given orally. Poten- 
tially fatal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in 
“patients with chronic renal disease, or any other condition which impairs potassium excretion 
equires particularly careful monitoring of the serum potassium concentration and appropriate 
dosage adjustment. 
Interaction with potassium-sparing diuretics: Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 
‘tone or triamterene). since the simultaneous administration of these agents can produce 
- Severe hyperkalemia. 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative 
- lesions of the small bowel and deaths. These lesions are caused by a high localized concentration 
‘of potassium ion in the region of a rapidly dissolving tablet, which injures the bowel wall and 
thereby produces obstruction, hemorrhage. or perforation. KLOTRIX is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to minimize the possi- 
bility of a high Icoal concentration of potassium ion near the bowel wall. While the reported 
EU of small-bowel lesions is much less with wax-matrix tablets (less than one per 
-100.000 patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100.000 
patient-years) cases associated with wax-matrix tablets have been reported both in foreign coun- 
tries and in the United States. In addition, perhaps because the wax-matrix preparations are not 
- enteric-coated and release potassium in the stomach, there have been reports of upper gastroin- ` 
testinal bleeding associated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately 
and the possibility of bowel obstruction or perforation considered if severe vomiting, abdominal 
- pain, distention, or gastrointestinal bleeding occurs. — — 
Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 
alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, or potassium acetate 
- PRECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in à 
D with a clinical history suggesting some cause for potassium depletion. In interpreting the 
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- serum potassium level, the physician should bear in mind that acute alkalosis per se can produce 
hypokalemia in the absence of a deficit in total body potassium. while acute acidosis per se can 

"increase the serum potassium concentration into the normal range even in the presence of a 

 feduced total body potassium. Treatment of potassium depletion particularly in presence of cardiac 

- disease, renal disease. or acidosis, requires careful attention to acid-base balance and appropri- 

- ate monitoring of serum electrolyles. electrocardiogram and clinical status of patient. 

Carcinogenesis: No data are available on long-term potential for carcinogenicity in animals or 

- humans. Pregnancy: Klotrix is not expected to cause fetal harm when administered in dosages 

_ which will not result in hyperkalemia. Nursing mothers: Although no studies have been done 

"it is presumed that potassium chloride is excreted in human milk. Caution should be exercised 

- when Klotrix is administered to a nursing woman. Pediatric use: Safety and effectiveness in 

- children have not been established. 

- ADVERSE REACTIONS Most common to oral potassium salts: nausea. vomitirg. abdominal 
discomfort, and diarrhea. These symptoms are due to irritation of the gastrointestinal tract and are 

- best managed by diluting the preparation further, taking the dose with meals. or reducing the dose 

- (ne of the most severe adverse effects 1s hyperkalemia (see Contraindications and Warnings). 

- There also have been reports of upper and lower gastrointestinal conditions including obstruction. 

- bleeding. ulceration and perforation (see Contraindications and Warnings); other factors known to 

- be associated with such conditions were present in magy of these patients. Skin rash has been 

- reported rarely 

DOSAGE AND ADMINISTRATION Usual dietary intake potassium by the average adult is 40 to 

8 mEq per day. Potassium depletion sufficient to cause hypokalemia usually requires loss of 

200 or more mEq of potassium from the total body store. 

. Dosage must be adjusted to the individual needs of each patient but is typically in tne range of 

L 20 mEq per day for prevention of hypokalemia to 40-100 mEq per day or more for treatment of 
potassium depletion 

- Note: KLOTRIX slow-release tablets must be swallowed whole and never crushed or chewed. 
HOW SUPPLIED Bottles of 100. 1000. and Unit Dose cartons of 100 
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University of London 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


at the 
HAMMERSMITH HOSPITAL 


DIPLOMA COURSE 
IN CARDIOLOGY 


A one-year course commencing 
on 5 October 1981 


This course is intended to provide inten- 
sive education, at postgraduate level to 15 
students, by formal lectures every morn- 
ing and seminars every afternoon, with 
practical, individual training in diagnosis, 
new methodologies and therapy for 
groups of two-four students. 


Clinical approach to adult and 
paediatric diseases 

Electrocardiography, including 
stress testing and ambulatory 
monitoring 

Phonocardiography and impulse 
cardiography 

Echocardiography 

Intensive cardiac care 

Cardiac catheterisation and 
angiography 

Nuclear cardiology 

Pacemaking and clinical 
electrophysiology 

Cardiac roentenology 

Cardiovascular pharmacology 

Surgical aspects 


Participation in Research Programmes is 
optional 


THE COURSE FOR THE DIPLOMA 
IS OPEN TO GRADUATES IN MED- 
ICINE WHO WILL HAVE AT LEAST 
SIX MONTHS SPECIALIST PRAC- 
TICE IN CARDIOLOGY BEFORE 
STARTING THE COURSE 


Details and application forms available from: 


School Office 
Royal Postgraduate Medical School 
Du Cane Road 
London W12 OHS 


Tel: 01 743 2030 ext 351 


ardiac programs and SCINTIVIEW 
or diagnostic confidence 


eveloped in conjunction with clinical cardiologists, 
iemens comprehensive selection of cardiac 
erformance programs satisfies your demanding 
agnostic requirements by providing unprecedented 

> producibility and confidence in quantitative analysis. 


urrent clinical nuclear cardiology programs include: 
Phase and amplitude analysis of ventricular function 
Extende iac acquisition for wall motion and left 
NE fraction 

Automat I detection to define left ventricle and 
calculating the ejection fraction 

Cardiac shunt detection and quantitation of QP:QS ratio 
First transit cardiac studies 


ell designed, and clinically tested, these cardiac 
rograms utilize advanced software techniques to 
rovide pertinent and reproducible results for improved 
iagnostic information and patient management. 


ach program offers computerized nuclear imaging 
ith a high degree of flexibility to satisfy your 
dividual data acquisition, processing and pre- 
ntation requirements. 


dditional clinical programs already in development will 
ffer an even greater range of diagnostic possibilities. 


urthermore, since nuclear cardiology techniques are 
on-invasive, you can select this important diagnostic 
odalitwin clinical situations and environments 
reviou attainable or considered high risk. 


ontac iemens representative for details 
nd/or a demonstration of these most recent advances 
nuclear cardiology. 


iemens Corporation 
edical Systems Group 
86 Wood Avenue South 
selin, New Jersey 08830 
201) 494-1000 


Siemens... 
an investment in nuclear diagnostic confidence 








Now in book form...the latest Update Your Medicine lectures 


Helps you keep up with the new 
advances in your specialty in 
the comfort of your home or office. 


CORNELL MEDICA 
UPDATE/2 


Edited by LILA A. WALLIS, MD, FAGP 


Each of the 23 lectures is presented in a workbook 
format for easy reading and quick comprehension. 


1. 
2. 
3. 


4. 
. Gastroenterology, l: Cricoesophageal Achalasia and 


19. 


Cardiology, l: Applications of Anticoagulation; Cor- 
onary Artery Bypass Surgery; Valvular Heart Disease 
Cardiology, II: Congenital Heart Disease in Adults, 
Part I 

Cardiology, III: Congenital Heart Disease in Adults, 
Part Il 

Hematology: Hemostasis Made Easy 


Gastroesophageal Reflux 


. Gastroenterology, Il: Pharmacology of Acid Peptic 


Disease Therapy 


. Genetics, |: Basic Genetics 

. Genetics, Il: Chromosomal Abnormalities 

. Genetics, III: Clinical Genetics 

. Gynecology, l: New Diagnostic Procedures and 


Therapy 


. Gynecology, II: New Diagnostic Procedures 
. Obstetrics: Prenatal Diagnosis of Genetic Diseases 


and Abnormalities 


. Infectious Diseases, |: Antimicrobial Therapy 
. Infectious Diseases, II: Virology 
. Nephrology, |: Renal Glomerular Disease 


. Nephrology: Il: Management of Chronic Renal Failure 
. Ophthalmology, l: Progress in Ophthamology 
. Ophthalmology, Il: Diabetic Retinopathy Vitrectomy 


Study e 
Psychopharmacology, l: Antipyschotic Drugs and 
Minor Tranquilizers 


20.Psychopharmacology, Il: Antidepressant Drugs 


21. 
22. 


Pulmonary Medicine: Recent Advances 
Rheumatology: Recent Advances 


23.Calcium Metabolism: Disorders of Calcium 


Metabolism 


All new material—specialties expanded. 


The workbook format of CORNELL MEDICAL UPDATE/2 
breaks medical publishing traditions by giving practitioners a 
quick overview of the latest advances in their specialty. It 
transcribes the Update Your Medicine lectures sponsored 
by New York Hospital-Cornell Medical Center. These lectures 
are well-known for helping physicians prepare for Recertifica- 
tion despite the demands of a heavy practice. 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'l be able to incorporate all the 
material into your own professional technique. 

Earn 25 Credits Towards AMA Physician’s Recognition 
Award. CORNELL MEDICAL UPDATE/2 has been approved for 
Category 1 credit towards the AMA’s Physician’s Recognition 
Award for Continuing Medical Education. Full details on how 
to apply for credit are included with every copy. 


Yorke Medical Books, 666 Fifth Avenue, New York, N.Y. 10103 


Please send me a copy of CORNELL MEDICAL UPDATE/2 at 
$38.00 a copy. | may use the book for 30 days and if not com- 
pletely satisfied, return it for full refund or credit. 


O Bill me plus cost of shipping. 
O Payment enclosed, publisher pays shipping. 
O Charge my credit card: C] MasterCard O Visa. 


i 
| 
| 
| 
i 
i Card No. Expire Date 
| 
| 
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New York residents add applicable sales tax. Countries outside 
Western Hemisphere add $5.00 per copy. 
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Introducing Dilatrate’sr...for proven 
I2-hour activity, when compared witl 
the leading long-acting isosorbide 
dinitrate product. 
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Computer-generated curves based on activity levels. 


A nitrate delivery system that A nitrate delivery system with 
provides proven 12-hour activity- helps a constant release rate not dependent on 


give angina patients a more normal life ^ gastric pH or enzymes 

DILATRATE-SR demonstrated sustained levels of In DILATRATE-SR, an advanced microdialyzing 
activity compared to the most widely used long- membrane meters the release of nitrate. The water- 
acting ISDN in an evaluation of data DJY ' activated membrane continually adjusts 
measuring diastolic amplitudes,' a ^ Qae permeability to keep the rate constant. 
sensitive measure of nitrate activity.? DILATRATE-SR offers a preferable 


With b.i.d. dosage, DILATRATE-SR may ! therapy for long-acting control — with an 
offer clear benefits for angina patients: ' advanced delivery system. 

fewer attacks, less fear and apprehen- Please see next page for prescribing 
sion, reduced need for nitroglycerin. information. 


Dilatrate-sR 


(isosorbide dinitrate) 40 mg bid. 


The confidence capsule...for more 
dependable I2-hour activity 
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Now for angina prophylaxis, Dilatrate-sn... 
proven I2-hour activity when compared with the leading 
long-acting isosorbide dinitrate product. 


Leading Long-Acting 
Isosorbide Dinitrate 


Dilatrate-sr 


(isosorbide dinitrate) 
40 mg bid. 


The confidence capsule 









Dilatrate-sn 





A nitrate delivery system that provides proven 
12-hour activity levels 


A delivery system with a constant release rate 
not dependent on gastric pH or enzymes 


An advanced delivery system to help angina patients 
lead a more normal life 





BRIEF SUMMARY 


* Indications: Based on a review of the drug by the National 
Academy of Sciences - National Research Council and/or 
other information, FDA has classified the indications as 
follows: 


Possibly effective: For the relief of angina pectoris (pain of 
coronary artery disease). Dilatrate is not intended to abort 
the acute anginal episode, but is widely regarded as useful 
in the prophylactic treatment of patients with angina 
pectoris. 


Final classification of the less-tHan-effective indication 
requires further investigation. 


CONTRAINDICATION: Idiosyncrasy to this drug 


WARNINGS: Data supporting the use of nitrates and nitrites during 
the early days of the acute phase of myocardial infarction (the 
period during which clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


PRECAUTIONS: Tolerance to this drug, and cross tolerance to 
other nitrates and nitrites may occur. 





ADVERSE REACTIONS: Cutaneous vasodilation with flushing. 
Headache is common and may be severe and persistent. Transient 
episodes of dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension may occa- 
sionally develop. This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine, and many other 
agents. An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite, and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and 
collapse) can occur even with the usual therapeutic dose. Alcohol 
may enhance this effect. Drug rash and/or exfoliative dermatitis 
may occasionally occur. 


For full prescribing information, consult package insert. 


References: 1. Smolen VF: Data on file, Medical Department, Reed & Carnrick. 2. Smolen VF: Practical Phar- 
macodynamic Engineering in the Design, Development and Evaluation of Optimal Drug Products, in Beckett AH 
and Bean HS (eds); Recent Advances in Pharmaceutical Sciences, Vol. 5, Academic Press, in press. 
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SYMPOSIUM: FUTURE DIRECTIONS IN EXERCISE TESTING AND 


EXERCISE ELECTROCARDIOGRAPHY —l* 


Victor F. Froelicher, MD, FACC and Paul L. McHenry, MD, FACC, Guest Editor: 


Introduction 


VICTOR F. FROELICHER, MD, FACC 
PAUL L. McHENRY, MD, FACC 


San Diego, California 
Indianapolis, Indiana 


'This Symposium on exercise testing was initiated under 
the auspices of the American College of Cardiology. The 
faculty members have an impressive record of scientific 
work in exercise testing with an international experience 
that includes Canada and The Netherlands and extends 
from the East to the West Coast of the United States. 
They are certainly suited to summarize the current state 
of thé art and to point thé direction to the future in ex- 
ercise testing. . i 

This Symposium is directed to academicians and 
clinical researchers and will not cover basic principles. 
It is designed to exchange ideas, come to “state of the 
art" conclusions, make computer applications more 
understandable and help facilitate future research. In 
regard to computers, it will not identify which com- 
mercial equipment is best or which company should 
dominate the industry. Instead, it is intended to make 
physicians móre knowledgeable so that they can decide 
which equipment is most suitable for their specific 
needs and appreciate the limitations of the currently 
available computer approaches. 

- The first paper, from the University of California, San 
Diego, provides an introduction to the use of computers 
and the processirig of exercise electrocardiographic data. 
Its purpose is to help physicians have a better under- 
standing of the commercial systems and black boxes 
that can do amazing things with electrocardiographic 
signals when they are properly programmed. Noise and 


From the University Hospital, San Diego, California and the Department 
of Medicine, Indiana University School of Medicine, Indianapolis, Indiana. 
Manuscript received January 12, 1981; revised manuscript received 
February 10, 1981, accepted February 13, 1981. 

* Part Il of this Symposium will appear in the June 1981 issue of the 
Journal. 

Address for reprints: Victor F. Froelicher, University Hospital, 225 
Dickinson Street, San Diego, California 92103. 


data reduction are important goals of computer pro: 
cessing; however, it must be remembered that the op: 
timal criteria for ischemia have not been demonstratec 
and that the available systems lack scientific docu 
mentation. The next paper, by the group from the 
University of Indiana, provides an approach t« 
screening asymptomatic persons based on McHenry’: 
long experience with this application of exercise testing 
An important finding is that even the serial change fron 
a normal test to one with S- T segment depression is no: 
highly predictive of coronary disease in this population 
The following paper is a computer analysis of electro 
cardiographic data gathered during treadmill testin; 
of U.S. Air Force crewmen at low risk for coronary artery 
disease. It provides a graphic display and percentile 
ranges of the normal exercise electrocardiogram. A 
similar approach by O'Donnell et al. provides data or 
the response of the Q- T interval to exercise. Ischemi: 
should prolong the Q-T interval, and this finding ir 
response to exercise should provide another marker fo) 
coronary artery disease. 

From the Montreal Heart Institute come two papers 
the first on lead systems and the second on S- T segmen! 
elevation and coronary spasm. Chaitman has done some 
of the best work comparing exercise test results witl 
those of coronary angiography and in patients witl 
exercise-induced coronary spasm. When the baseline 
electrocardiogram is normal, a single bipolar lead sim 
ulating lead V5 is possibly all that is necessary durin; 
exercise testing except when spasm is considered in the 
diagnosis. S- T segment elevation over Q waves does no: 
appear to be predictive of ischemia as it is under othei 
conditions. Even though S-T segment elevation ha: 
been known to occur for quite some time, only recently 
have we become adequately aware of its occurrence 
during exercise testing. We look to Chaitman to con: 
tinue his work and demonstrate the best lead system: 
using the incredible resources of the Montreal Hear! 
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Institute. The next to last paper is from The Nether- 
lands and involves computer analysis of body surface 
maps and newer electrocardiographic criteria for isch- 
emia. Simoons had done some of the best work in this 
regard using an on-line computer system for which he 
has done much of his own programming. The final paper 
provides a discussion of ambulatory monitoring by 
Kennedy, who has experience and technical expertise 
with both this technique and exercise testing. 

In summary, the papers in this Symposium cover a 
wide array of the most important areas in exercise 
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testing. They present current knowledge in these areas 
and point out avenues for continued research. It is very 
apparent that many questions in exercise testing remain 
unanswered and that great advances should be made 
with computer techniques to improve data gathering 
and analysis and utilizing radionuclides to calibrate the 
exercise electrocardiogram as never before possible. It 
seems probable that in the next decade the optimal lead 
system for detecting ischemia and the optimal criteria 
for ischemia will be made available for clinical prac- 
tice. 


A" 


Progress in Computer Analysis of the 
Exercise Electrocardiogram 


VALMIK BHARGAVA, PhD 
KIYOSHI WATANABE, MD 
VICTOR F. FROELICHER, MD, FACC 


San Diego, California 
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1980; revised manuscript received December 3, 
1980, accepted December 5, 1980. 
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Director of Cardiac Rehabilitation and Exercise 
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The potential advantages of digital computer processing of exercise 
electrocardiographic data include reduction of noise, compression of data, 
improved precision and application of optimal criteria. Most prior ap- 
proaches to such processing required equipment that was both expensive 
and inconvenient. With the revolution in instrumentation brought about 
by the development of microcomputers, powerful dedicated computers 
can now be afforded by many exercise laboratories. There are many 
approaches to computerized management of exercise electrocardio- 
graphic data and various criteria for ischemia. Studies are necessary to 
validate computer algorithms so that these devices can be used diag- 
nostically to best advantage. Cardiologists need some understanding of 
this field so that they can be discriminating users of computer systems. 
In addition, the results of studies correlating electrocardiographic changes- 
with radionuclide methods of assessing myocardial perfusion and function. | 
should enable such assessments to be made from the electrocardio- - 

graphic signals alone, particularly when aided by computer analysis of 
spatial shifts. 





| 
'The advantages of digital versus analog data processing are many. They 
include (1) more precise and accurate measurements; (2) direct acces- 
sibility to digital computer analysis and storage techniques; (3) rapid. 
mathematical manipulation; (4) software rather than hardware changes. 
for alterations in analysis; (5) no degradation with repetitive playback; 
(6) higher plotting resolution; and (7) facilitation of plotting with dif- 
ferent gains and filters. 

The two critical problems posed by exercise electrocardiography are 
reduction of the amount of data collected and elimination of exercise- 
induced noise. The total period of an exercise test can exceed 30 minutes, 
and many physicians want to analyze all 12 electrocardiographic leads. 
The three lead vectorcardiographic approach would reduce the amount 
of data, but clinicians continue to favor the 12 lead electrocardiogram. 
The noise includes random and periodic noise of both high and low fre- 
quency of various causes. In addition to reducing noise and facilitating 
data processing, computer techniques have the potential to make precise 
and accurate measurements, separate and capture arrhythmic beats, 
perform spatial analysis and develop better criteria for ischemia. ( 

The development of large scale integrated electronics has led to mi- 
crocomputers that permit processing of exercise electrocardiographic 
data without the need for large, expensive digital computers. Digital 
techniques can be applied immediately while the data are being gathered 
in the exercise laboratory (that is, on-line). Earlier approaches to com- 
puter processing required that analog data be recorded, later digitized 
and then analyzed (that is, off-line). The following is an abbreviated 
summary of previous attempts to apply computer techniques to the 
exercise electrocardiogram. It is important for cardiologists to have some 
knowledge of this field so that they can be discriminating users of com- 
puter systems. 
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COMPUTERIZED EXERCISE TESTING—BHARGAVA ET AL. 


Early Computer Studies 


_ Frank lead versus bipolar lead: In 1965, Blomqvist! re- 
ported a computerized quantitative study of the Frank lead 
exercise electrocardiogram. He concluded that the electro- 
cardiogram during exercise contained more information than 
after exercise and that the maximal information for the dif- 
ferentiation of patients with angina pectoris from normal men 
was located at S-T4 or the mid point of ventricular repolari- 
zation. In 1966, Bruce et al.? used a computer of average 
transients to analyze exercise data gathered from bipolar lead 
CBs. In apparently healthy middle-aged men, S-T segment 
depression with exercise was greater than anticipated in 
magnitude and prevalence. In 1969, Hornstein and Bruce® 
measured the S-T forces of the Frank leads and bipolar lead 
CB; using a large digital computer. A single bipolar precordial 
lead appeared to be as diagnostic as the three dimensional 
Frank lead system. In 1973, Niederberger and Bruce‘ reported 
on the spatial ST-T magnitudes at rest and immediately after 
maximal exercise. The spatial magnitudes of late S-T and T 
vectors at rest were smaller in a group of patients with coro- 

nary artery disease than in a normal group. In some dis- 
‘agreement with the prior study, they reported that even if the 
electrocardiogram did not show an ischemic pattern, this 
spatial trend became more obvious with exercise. 


_ S-T index: McHenry and colleagues? reported on 
results with a computerized system developed at the 
United States Air Force School of Aerospace Medicine 
and later duplicated at the University of Indiana.^? S-T 
segment amplitude was measured over the 10 ms in- 
terval of the S- T segment starting 60 ms after the peak 
of the R wave. The slope of the S- T segment was mea- 
sured from 70 ms to 110 ms beyond the R wave peak. 
The P-Q or isoelectric interval was found by scanning 
before the R wave for the 10 ms interval with the least 
slope or rate of change. If the S- T segment depression 
was 1.0 mm or greater and if the sum of S- T segment 
depression in mm and S-T slope in mV/s equaled or was 
less than 1 during or immediately after exercise, the 
response was defined as abnormal. This measurement, 
called the S- T index, was developed from comparing 
two groups of age-matched subjects, one of patients with 
angina pectoris and the other of clinically normal per- 
sons. When this index was used as a criterion for diag- 
nosing coronary artery disease, they demonstrated a 
specificity of 83 percent and a sensitivity of 95 per- 
cent. 

S-T integral: Sheffield et al.? reported an on-line 

approach in which leads V4, V5 and Vg and Frank X, Y 
and Z leads were digitized at 500 samples/s. They 
computed the time-voltage integral of the S-T segment 
beginning at the QRS end and continuing until the 
isoelectric line was crossed or until 80 ms after the QRS 
end. This integral expresses the area of S- T segment 
deviation from the baseline. An S-T integral greater 
than —10 uV-s was found to be an abnormal exercise 
electrocardiographic response«nd the normal range was 
from 0 to —7.5 u V-s. Results in 41 normal subjects and 
31 patients with angina yielded a sensitivity of 81 per- 
cent and a specificity of 95 percent. 

S-T spatial magnitude and direction: Wolf!? and 
Rautaharju!! and their colleagues developed diagnostic 


criteria for exercise-induced ischemia based on the 
vector analysis of the ST-T segment waveform ac- 
cording to the Dalhousie code. This code classified the 
S-T segment into three categories by means of the or- 
ientation (W) and the magnitude (D) of the S- T slope 
vector considering the difference vector between ? and 
lg of the S- T segment (ST4 — ST;). The orientation of 
the slope vector was defined as the spatial angle W be- 
tween the slope vector D and the reference angle 
(pointing to the direction of the left lower anterior oc- 
tant). In 123 normal men, increasing S-T slope vector 
D was found to be in proportion to increasing heart rate 
during exercise. In 1973, Rautaharju et al.!? reported 
the normal values for Chebyshev waveform polynomials 
fitted to the S- T segment during exercise. 

S-T segment magnitude 60 ms after end of the 
QRS complex: Simoons et al.!? used a PDP-8E com- 
puter on-line to process the Frank orthogonal leads. The 
program, which Simoons himself largely wrote, con- 
sisted of four parts: (1) detection of the QRS complex, 
(2) selection of beats, (3) averaging of selected beats, and 
(4) waveform analysis. The interactive computer system 
also controlled the exercise test leaving the physician 
and technician free to interact with the patient. In 
trying to determine the optimal criteria for the detection 
of ischemic heart disease, Simoons compared the com- 
puterized criteria of other investigators. These included 
S-T area or integral,? S- T index,?9 polarcoordinates,!^ 
time-normalized ST-T amplitudes,! and Chebyshev 
polynomials.!? These criteria were applied to a popu- 
lation of 95 patients with coronary artery disease and 
129 healthy men. He obtained the best results with S-T 
segment amplitude 60 ms after the end of the QRS 
complex. A range of amplitudes for exercise heart rates 
was established by considering the response of the 
normal group. This is a logical approach because S-T 
segment depression increases in proportion to heart 
rate. He obtained a sensitivity value of 81 percent and 
a specificity value of 93 percent using this new criterion. 
In this data set, other computer criteria were not su- 
perior to S- T amplitude at a given heart rate. He also 
demonstrated! that the S- T shift recorded during ex- 
ercise in patients with coronary artery disease occurred 
in the direction of wall motion abnormalities. 

Werner and Olsson program: In 1976, Werner and 
colleagues!?* published a description of their com- 
puterized electrocardiographic system for studies at rest 
and during exercise. Six Wilson precordial leads (V; to 
V5 and V7) and limb leads I and II were recorded at rest. 
A computer algorithm reconstructed leads III, aVL, aVF 
and aVR from leads I and II. Six chest-head leads were 
processed (CH, to CH5 and CH7). The ST-T segment 
was arbitrarily extended to 400 ms times the square root 
of 60 divided by the heart rate. The S- T segment was 
reported by the amplitude and temporal position of the 
lowest point in the first two thirds of the ST-T segment, 
the amplitude at the J junction, the S- T area and early 
and late S- T segment slopes. S- T area was calculated 
from 10 ms after the end of the QRS complex to crossing 
of the isoelectric line or the end of the S- T segment. 
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Early and late slopes of S- T segment were defined as the 
slope of the regression line between 20 to 120 ms and 120 
to 180 ms after the end of the QRS complex. The T wave 
was evaluated according to the Minnesota code. 

Werner and his colleagues believed that their system 
reduced costs and resulted in exercise tests of high 
quality. It enabled technicians to pay more attention to 
the patients because much of their job was automated. 
Werner et al.!5 examined the reliability of their com- 
puter program by comparing S-T and T wave inter- 
pretations made by their program and by two observers. 
At rest, there was agreement in 75 percent of the com- 
puter-observer S- T code comparisons and in 71 percent 
of the interobserver S- T codes. With exercise the com- 
puter-observer agreement decreased to 59 percent and 
interobserver agreement to 55 percent. They did not test 
the utility of their approach for diagnosing coronary 
artery disease. 


Commercial Systems 


Marquette system: In 1976, Marquette Electronics in- 
troduced a commercial on-line exercise system using an 
LSI-11 computer (CASE). The computer performed test 
control functions, signal conditioning, beat averaging and S-T 
measurement on-line. Instead of using simple averages, this 
system introduced a new technique of averaging. Called by 
the developers “incremental averaging," it is a method ap- 
propriate to a continuous input with slow changes.!? In this 
method of averaging, each digital sample of a new, time- 
aligned cardiac cycle is compared with its corresponding 
member in the current average. Whenever the average is low 
(or high) it is incremented (or decremented) by a small, fixed 
amount (3.5 uV), independent of the size of the difference. 
Alignment is accomplished using frequency components of 
the QRS complex. Displayed S-T level and slope measure- 
ments were made from the average cycle, using the onset and 
offset of the QRS complex determined initially. S-T slope 
measurements were made to correlate with visual impressions 
by dynamically adjusting the S-T slope interval with heart 
rate. This is the only commercial system that actually deter- 
mines the end of the QRS complex rather than making S-T 
measurements at a fixed point after the R wave peak or S wave 
nadir. The S-T interval for slope measurement was !/ of the 
average R-R interval. 

Quinton system: A recently introduced microprocessor- 
based commercial system is the Status 1000 of the Quinton 
Instrument Company. The computer programs used to ana- 
lyze this digitized information are primarily coded in a 
structured higher level language that is similar to PASCAL. 
This facilitates program modularity and ease of modification. 
A few critical fast computations, such as real time waveform 
averaging, are written in computer assembly language. These 
assembly language routines are written in modules and in- 
corporated into the basic structure of the higher level lan- 
guage. The strong point of this system is that the exercise 
testing protocols and methodology can easily be programmed 
into the system by the operator. The signal processing per- 
formed can be modified merely by replacing a microprocessor 
chip with a chip that has a new program in it, possibly avoiding 
obsolesence. All variables are available for display on the 
screen. In addition, time-histographs of all these variables are 
recorded on a summary report at the end of the test. The three 
leads analyzed are chosen by the physician before the test. 
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Application of Commercial Systems 


Viagraph system: Sketch et al.?? conducted a study to 
evaluate the validity and usefulness of the Viagraph, a system 
made by International Medical Corporation, for automate 
exercise electrocardiographic analysis. One hundred seven 
patients who were referred for evaluation for chest pain un- - 
derwent a Bruce protocol exercise test and coronary angiog- 
raphy. Patients who had had a previous myocardial infarction 
and those taking digitalis were excluded. Twenty-nine pa- 
tients were considered to have performed submaximal testi 
because 85 percent of maximal heart rate predicted for age we 
not reached. Lead V5 was continuously sampled at 500 sam- 
ples/s and 16 complexes were averaged sequentially. The 
system measured and stored the area of depression that ve 
maximal during exercise and in recovery. This area mea- - 
surement began at 60 ms after the peak of the R wave and 
extended for 80 ms. Areas measured after exercise were more | 
specific; those measured during exercise were more sensitive. 
Also, as the criteria for ischemia were lessened, sensitivity 
increased while specificity decreased, and these values varied 
over the range of S-T area criteria presented. It appeared that 
automated analysis of the S- T area was valid and comparable 
with visual analysis. The investigators concluded that it 
should not negate the need for either visual confirmation or ; 
the physician's consideration of hemodynamic responses. In 
the subgroup who performed maximal tests, a nomogram was - 
constructed including duration of exercise and S-T area to - 
predict severity of disease. 

On-line computer exercise system (CASE): Hollenberg 
et al.?! reported their use of the on-line computer exercise 
system (CASE) for developing a treadmill exercise score. In- - 
stead of using a single value, they integrated all S-T amplitude — 
and slope changes that occurred during the test. Seventy pa- 
tients who had coronary angiography and 46 healthy volun- 
teers were included. With use of the following treadmill ex- | 
ercise score, sensitivity and specificity were 85 and 98 percent, - 
respectively: Treadmill exercise score = J point amplitude and 
S-T slope curve areas/Duration of exercise X predicted 
maximal heart rate achieved. 4 

This score includes the following measures of severity: 
depth of J point depression, slope, occurrence of depression 
in relation to heart rate, decreased heart rate response to ex- 
ercise, and functional capacity. The areas under the curves 
were considered during hyperventilation and when S-T seg- 
ment abnormalities were presented at rest. The investigators 
found that in their studies the technique was highly repro- 
ducible. They concluded that it greatly improved the diag- - 
nostic ability of exercise testing and provided the ability to 
serially quantify the extent of coronary disease. 

Subramanian et al.?? also used the on-line computer exer- - 
cise system CASE to analyze the S-T segment response to 
exercise in patients with angina treated with verapamil.?? ^ 
They found a significant reduction in exercise-induced S-T - 
segment depression while their subjects were taking vera- 
pamil. i 

Computerized S-T segment criteria for ischemia: Crow | s 
et al.?? validated the Quinton analog system, but in general | 
there have been few such studies or studies comparing com- - 
puter approaches.?* Although known to be more consistent, | 
computers have not yet replaced the human observer. Many | 
different computer criteria for ischemia including those listed — 
in Table I have been recommended. Although they usually out - 
perform standard criteria in the data sets reported, few studies - 
have compared them in the same data base and often they are © 
not applied to the electrocardiogram in the manner initially | 
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TABLE ! 


É Reported Computerized Exercise Test S-T Segment Criteria 
For Ischemia 





Ea. QRS end found by a change in amplitude over time (derivative) in 

1 a single lead or in multiple leads 

.2. Amplitude at time-normalized S-T segment points (ST-T interval 

= divided by 8)' 

. 9. QRS end or J junction determined by a fixed time interval after R 

t wave or S wave?? 

4. Polar coordinates, spatial magnitude and direction^ !? 

5. S-T Index (S-T slope plus S-T amplitude 70 ms after peak of R 

| wave 

pe. S-T logra or area of the S-T segment under the isoelectric 
line? 

7. Chebyshev equations fit to the S-T segment! 

8. ST60 (S-T segment amplitude 60 ms after the end of the QRS 

complex corrected for heart rate) '? 


specified. In addition, the basic approaches to processing 
‘signals have not been adequately compared and validated. 


Theoretical Considerations 


‘Analog To Digital Conversion 


_ Principles: Figure 1 illustrates the principles of an- 
-alog to digital conversion. An analog signal can be rep- 
resented by a continuous signal that varies in amplitude 
with time. Converting into a digital signal requires 
'sampling it periodically at fixed time intervals and 
converting the amplitudes at any time point into binary 
numbers that have a time index or sequence. The digital 
- signal is recorded as a binary number because the basic 
‘computer unit is a switch that is either on or off. 
— The basic computer storage unit is the byte or word, 
"Which has a certain number of bits for a given computer 
_and reflects how large or small an integer can be repre- 
sented on the computer. Analog to digital conversion 
resolution is determined in part by the word size. 


6 TIME —> 





Storage unit size effects the resolution by controlling 
the range of measurements possible according to the 
formula (2^ — 1) where n equals the number of bits in 
a word or byte. An 8 bit digitizer divides the input range 
into 2° minus 1 or 255. In general, the more bits per word 
the greater the resolution. Resolution is also dependent 
on the sampling rate. The greater the sampling rate, the 
greater the detail of the analog signal that is retained. 
However, the more points sampled the more digital data 
that must be analyzed and stored. The usual sampling 
rates used for electrocardiography are 250/s (4 ms in- 
crements) or 500/s (2 ms increments). In addition to 
sampling rate and word size, signal resolution is also 
determined by the analog input window. The analog 
window must be wide enough to accept the largest 
possible excursion of the signal amplitude, but a large 
window decreases the resolution possible for smaller 
signals. 

Effects on the details of the electrocardiogram: 
Figure 2 illustrates the effects of analog to digital con- 
verter resolution and input signal range or window on 
the details of the electrocardiogram. The top line is the 
actual electrocardiogram. The second line shows this 
signal after it has been digitized and then reconstructed 
as an analog signal. Five bit resolution of the analog/ 
digital (A/D) converter loses details, but roughly follows 
the S, R and T waves. The three bit A/D converter dis- 
torts the P, S and T waves. When only half of the input 
range of the three bit converter is used, the P and T 
waves are completely lost and the S wave is considerably 
distorted. This is roughly equivalent to a two bit A/D 
converter. The bottom line shows the effect of sampling 
rate on the resolution. The original signal shown on the 
top of the figures is digitized at different sampling rates 
and then reconstructed as an analog signal. Sampling 
at 100 samples/s accurately represents the P, R, S and 
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FIGURE 1. Illustration of analog to digital conversion. An 
analog signal is characterized by a continuous signal of 
varying amplitude. Digital conversion involves sampling such 
a signal at predefined time intervals and converting the 
measurement at each sampling time into a binary number 
that has a time index. Reprinted from Watanabe et al.?* with 
permission of Grune & Stratton. 
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FIGURE 2. Examples of the effects of word size, input 
range and sampling rate on signal resolution (see text for . 
explanation). Reprinted from Watanabe et al.?* with i, 
permission of Grune & Stratton, Publishers. 
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Types of Noise Present in the Exercise Electrocardiogram: Their Source, Means of Reduction and Nature 


b 
E- I 


Source 


Types of Noise 


Means of Reduction Nature of Noise 





ine frequency interference Line frequency 


Muscle Muscle movement 

Motion Movement of electrodes 
= Respiration 
f Contact Air entrapment in gel; high skin 


c 


electrode impedance 


. Continuity Intermittent discontinuity in the 
x. electrode cable 
Aberrant beats Inclusion in averaged 
waveform 


_ Beat alignment Improper signal averaging 


. ECG - electrocardiogram. 









T wave amplitudes but loses some detail. Sampling at 
10 samples/s loses either the P or R wave and distorts 
the T wave. A slight shift in the point in time where 
digitization begins (a phase shift) greatly affects reso- 
lution. 
The American Heart Association?? and others have 
- recommended that 8 bit resolution and 250 samples/s 
are minimal digitizing specifications for computer 
- processing of the electrocardiogram. High frequency 
- information can be lost, and so the future will probably 
see industry deliver instruments with higher resolu- 
- tion.?6 If future research indicates the value of higher 
i frequency components of the electrocardiogram, then 
more Tigoros digitizing specifications will be neces- 


P 
. Mathematical Manipulation 


. Purposes: Mathematical constructs applied by 
" computers to digital electrocardiographic data are used 
- for three purposes: (1) to locate and characterize QRS 

complexes; (2) to obtain a reference or fiducial point in 
the QRS complex; and (3) to determine the beginning 
and end of the P wave, QRS complex and T wave. 
E... the crucial purpose of these constructs is the 
- definition of a fiducial or reference point for aligning 
- beats to permit averaging. Peak R wave was first used 
put because of the rapid amplitude changes at peak, 

. different “peaks” could be sampled during digitizing 
“resulting in misalignment of complexes. The point of 

most rapid change in electrocardiographic amplitude 
- (dx/dt), which usually occurs in the downslope of the 
_R wave or upslope of the Q-S interval, can be consis- 

tently found and has been used. Particularly for one 
lead analysis, the mathematical construct maximal 
h dx/dt can be a reliable and efficient fiducial point. More 
. recently, investigators have used spatial constructs from 
three time-coherent leads to achieve alignment. 
. Localization of waveform beginning and end: 
Thresholds set in these mathematical constructs also 
permit the localization of waveform beginning and end. 
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60 Hz (or 50 Hz) notch filter 50 or 60 Hz depending on power 


source 
Avoid having patient hold on High frequency 
tightly 
Use of bandage to hold High frequency 
electrodes 
Signal averaging, cubic spline Modulation of ECG with 
technique, low frequency respiration and baseline 
filtering wandering 


Good skin preparation with low 
impedance and good glue to 
hold electrodes 

Testing of cables 


High frequency baseline drift 


Sudden large amplitude shift in 
ECG signal 


Exclusion of aberrant beats Distortion of waveform 


Proper fiducial point selection Distortion of waveform 


Intuitively one assumes that the spatial recognition of 
the QRS complex, and S-T and T waves requiring 


multiple leads is more accurate than use of algorithms 


applied to only one lead. Electrical activity may appear 
to end in a single lead but continue in a perpendicular 
direction with activity seen in another lead. 

More work is needed to determine which algorithms 
best identify the offset and onset points of the QRS 
complex, P wave and T wave. Offset of the T wave be- 
comes especially difficult during high heart rates when 
the T and P waves overlap. As previously stated, a three 
dimensional approach seems most accurate because 
electrical forces perpendicular to one lead appear to 
have stopped but can be seen in a lead perpendicular to 
the first lead. We have found validation of offset and 
onset points with hand measurements to be quite dif- 
ficult. Hand and eye measurements themselves are 
poorly reproducible. However, we have found good 
agreement with semiautomated measurements made 
by hand adjustment of a cursor on the screen of a com- 
puter system that expands the electrocardiographic 
amplitude and time scale. The onset and offset points 
are crucial to computerized measurements, and perhaps 
consistency will be obtained only with the use of stan- 
dardized algorithms. 


Noise 


Causes and types: There are multiple causes for 
noise in the exercise electrocardiogram that cannot be 
corrected even by meticulous skin preparation. How- 
ever, the old computer adage of “garbage in, garbage 
out" should be remembered and computer processing 
or filtering should not be expected to eliminate the need 
for careful skin preparation. Noise is defined as any 
electrical signal foreign to the electrocardiogram or 
anything that distorts the waveform. With this defini- 
tion of noise, the types of noise present can be listed as 
shown in Table II, which also lists the source of noise, 
nature of noise and means of reducing it. 

Line frequency noise: Line frequency noise is gen- 


Aul AUT 


erated by the 60 Hz electrical energy and can be reduced 
by using shielded patient cables. If this noise appears 
in spite of these precautions, the simplest way to remove 
it is to utilize a notch filter. A notch filter has the char- 
acteristic that it removes only the line frequency; that 
is, it attenuates all frequencies in a narrow band around 
60 Hz. In some systems, line frequency noise is removed | 
by attenuating energy above 59 Hz. This method of re- 
moving line frequency noise causes waveform distortion 
and thus the system cannot meet American Heart As- 
sociation specifications. The most obvious manifesta- 
tion of the distortion caused by such filters is a decrease 
in R wave amplitude. 

Muscle and high frequency noise: Muscle noise is 
generated by the activation of muscle groups and is 
usually high frequency. This noise, like other types of 
high frequency noise, can be reduced by signal averag- 


ing. Motion noise, another type of high frequency noise, . 


is caused by the movement of skin and the electrodes 
causing a change in the contact resistance. 
Respiratory noise: Respiration causes an undula- 
tion of the waveform amplitude and the baseline with 
the respiratory cycle. Baseline wander can be reduced 
by low frequency filtering, that is, with the monitor 
mode available in most coronary care unit monitoring 
systems.?? However, this results in distortion of the S-T 
segment and can cause artifactual S-T segment de- 
pression. Various other approaches have been used, 
including the cubic spline technique, which can 
smooth the baseline. Changes in waveform amplitude 
with respiration are physiologic and may well prove to 
have clinical significance; however, they can be reduced 
by signal averaging. This technique can result in some 


problems when comparing average beats from rest and . 


exercise studies because more inspiratory beats are in- 
cluded in the average relative to expiratory beats during 
exercise than at rest.?? 

Contact noise: Contact noise appears as low fre- 
quency noise or sometimes as step discontinuity base- 
line drift. It can be caused by either poor skin prepara- 
tion resulting in high skin impedance or by air bubble 
entrapment in the electrode gel. It is reduced by me- 
ticulous skin preparation and by rejecting beats that 
show large baseline drift. It can also be reduced by using 
the median rather than the mean for signal averaging. 
Continuity noise caused by intermittent breaks in the 
cables is almost obsolete now because of technologic 
advances in cables. It is identified by testing cables for 
electrical continuity and replacing or repairing bad 
cables. 

Noise or artifact caused by beat averaging: Most 
sources of noise other than line frequency noise require 
beat averaging for removal. Two types of noise or arti- 
fact that can be caused by beat averaging are (1) intro- 
duction of beats that are morphologically different from 
the average; and (2) misalignment of the beats during 
averaging. The Appendix lists the approaches of various 
investigators and commercial systems for handling 
noise. It is important to point out that as the number of 
beats included in the average increases, the level of noise 
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reduction is greater. However, the electrocardiogre 
changes in morphology over time and consequently 
averaging time and the number of beats has to be com- 
promised. 


Signal Averaging 


Averaging is performed after aligning beats by a 
fiducial point specified in a mathematical construct 
derived from the electrocardiogram. After alignment, 
each time index referenced to the fiducial point has a — 
series of values from each of the beats included in the 
alignment. These values can then be averaged in two” 
ways. The easiest way is to sum the values and divide 
them by the number of beats included in the alignment 
array yielding the mean. The second approach is to 
determine the median. The median requires calculation 
of the 50th percentile value at each time index point. 
Because of its characteristics, the median has a greater 
central tendency and is less affected by extreme values. 
However, when the median is used the level of random 
noise is not reduced as much as when the mean is used. 
If a few ectopic or aberrant beats are included in beats 
used to generate an average, the median beat will not 
be affected although the mean beat will be distorted. 
Thus, the median beat appears to be a better estimate 
of the “true” complex even though it is slightly higher 
in random noise. Calculation of the median requires a 
larger computer memory and greater execution time. 
Median averaging has recently been applied in micro- 
processor-assisted electrocardiographs. 
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Data Sampling Window 


Many researchers have utilized approximately 10 
seconds of sampling time rather than a set number of 
beats. This usually includes sufficient beats for aver- 
aging techniques and lessens the chances of physiologic 
changes occurring and disturbing the average. The 
resting electrocardiogram usually does not require av- 
eraging for noise reduction so the duration of sampling 
is not critical. However, noise level increases with ex- 
ercise along with the heart rate so that at the higher 
levels of exercise, the number of beats included in a time 
window increases. We have found 10 to 20 beats to be 
a reasonable sample size for noise reduction. At a heart. 
rate of 60 beats/min, only 6 beats will be included but. 
at a heart rate of 180 beats/min approximately 30 beats 
will be included, which is more than adequate. Thus, 10 
seconds appears to be a reasonable sampling time for 
the exercise electrocardiogram. The effects of respira- 
tion and of changes in heart rate on averaging have not 
been adequately studied. Perhaps averaging should only 
combine beats from inspiration and beats from expi- 
ration together and utilize a threshold for changes in 
R-R intervals. 


S-T Segment Vectors | 


It appears that S- T segment depression is a global 
subendocardial phenomenon with a direction largely 
determined by the placement of the heart in the chest. 
Because most of the electrical energy of the heart exists 
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| on a plane in space, it would seem best to make mea- 
‘surements along this plane. Severe transmural ischemia 
| resulting in wall motion abnormalities causes a shift in 
| the vector in the direction of the wall motion abnor- 
L. malities. Again, spatial analyses should be able to sep- 
- arate this change and determine whether it is occurring 
| alone or in conjunction with subendocardial ischemia. 
| Spatial techniques can best be applied by computer 
| analysis and we believe that this will be the future di- 
rection of improving the diagnostic value of exercise 
| j lectrocardiography. 









| Correlation With Exercise Radionuclide Studies Of 
Myocardial Perfusion And Function 


| Preliminary radionuclide studies suggest that these 
| techniques offer the opportunity to “calibrate” the 
| exercise electrocardiogram as never before possible. 
| Simoons et al.?! showed that there is no relation be- 
tween the S- T vector orientation and location of thal- 
lium perfusion defects during exercise. Dunn et al.°2 
| Studied exercise-induced S- T segment elevation using 
thallium myocardial scanning. They found that when 
| the resting electrocardiogram shows Q waves of an old 
infarction, S- T elevation is due to ischemia, wall motion 
abnormalities, or both, whereas accompanying S-T 
| depression is due to a second area of ischemia. However, 
| when the resting electrocardiogram is normal, S-T el- 
evation is due to severe ischemia (spasm or a critical 
lesion) and accompanying S-T depression is reciprocal. 
This information is extremely valuable in attempting 
_to determine which patients have multivessel disease. 
 Battler et al.?? used radionuclide gated blood pool an- 
.giography to study the relation of QRS amplitudes to 
left ventricular function and volume changes during 
exercise. They found that R wave and S wave amplitude 
changes did not correlate well with changes in left 
ventricular volume or ejection fraction. Their study 
 disproved the hypotheses that an exercise-induced in- 
| crease in R wave amplitude is due to left ventricular 
dilatation and that an increase in S wave amplitude 
indicates normal left ventricular function. 


3 Conclusions 
€ Computerized exercise electrocardiography will be- 









come ubiquitous in the next decade because of the 
revolution in computer hardware. Miniaturization and 
reduction in cost have made computers very accessible 
and convenient. It is important to look to past research 
in order to understand the limitations as well as the 
potential of computer processing. Key technical ques- 
tions remain regarding the application of signal pro- 
essing that should be resolved by research before 
computer analysis is accepted without human over- 
reading. The next step will then be to determine the 
optimal criteria to apply in different populations to best 
discriminate normal persons from those with coronary 
artery disease. Cardiac radionuclide exercise testing has 
enabled a better understanding of exercise-induced 
electrocardiographic changes and will make it possible 
to obtain even more information from the exercise 
electrocardiogram. 
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APPENDIX 


Methods Used by Various Investigators to Handle 
Noise in the Exercise Electrocardiogram 


Sheffield et al.?: Drift dealt with by a criterion set for 
change in amplitude of the P-R interval between consecutive 
beats. Root mean square value used in the P-R interval to 
estimate high frequency noise and beat rejection based on a 
criterion of root mean square value exceeded. Also, if the an- 
alog/digital convertor is saturated the beat is rejected. Noise 
estimation was only used for quality control and not reported. 
Aberrantly conducted beats were detected by using a template 
based on the derivative in a scalar lead. Fifteen seconds of data 
were averaged. 

Wolf and Rautaharju!?: Noise estimated within a 300 ms 
window of the S-T segment with a root mean square value 
calculated in the raw data. Averaging was used only to filter 
if needed. Aberrantly conducted beats were handled by 
clustering on the basis of the R-R interval, QRS duration and 
R wave amplitude. No method of handling drift mentioned. 
Either 1 beat was processed or 16 seconds of data averaged. 

Simoons et al.'?: If there was greater than 0.2 mV change 
in consecutive P-R intervals the beat was rejected because of 
excessive drift. If the mean value of spatial vector velocity in 
a 60 to 20 ms interval before the QRS complex exceeded a 
certain criterion, the beat was rejected. Noise in the S-T seg- 
ment was measured by using a standard deviation of 40 av- 
eraged points after QRS end. Aberrantly conducted beats were 
excluded by a template technique using averaged spatial 
vector velocity. Twenty seconds of data were averaged. 

Werner et al.!?: The standard errors of the early S-T slopes 
of accepted beats were used as an estimate of noise. Noise was 
only estimated in CH; and no corrective measures were taken. 
Aberrantly conducted beats were excluded by considering the 
R-R interval and the QRS slope. 8.5 seconds of data were av- 
eraged. 

University of California, San Diego: Baseline drift was 
handled using the modified cubic spline technique. Forty 
milliseconds before the QRS the root mean square value of the 
signal was measured around a line of least squares fit. High 
frequency noise estimated at that point was used for quality 
control. Eighty milliseconds after the QRS again the root 
mean square value of the signal around a line of the least 
squares fit with a second order polynomial was used for quality 
control. The level of noise was estimated on the averaged beats 
only. Aberrantly conducted beats were excluded by R-R in- 
terval criteria and by templating within absolute spatial vector 
velocity. Ten seconds of data were averaged. 

Marquette CASE: High frequency noise was filtered with 
an adaptive 60 Hz filter. Aberrantly conducted beats were 
recognized using the 2, 4 and 6 Hz templates. Beat alignment 

was accomplished by templating based on the 2, 4 and 6 Hz 
signals. Averaging was done using the incremental averaging 
technique. 

Quinton 1,000: Aberrantly conducted beats dealt with using 
a band pass low frequency templating technique. Beat align- 
ment accomplished using the derivative in the scalar leads. 
There is an update of the mean beat every 10 seconds. 

Blomquist!: Number of beats averaged varied as a function 
of noise (20 to 80 beats). No estimate of noise was made other 
than visual inspection. 

Bruce et al.?: 100 beats were averaged. No mention was 
made of measurement of noise. 

McHenry et al.55: 25 beats were averaged. No mention of 
measurement of noise. 
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A pparently Healthy Subjects: Labile Repolarization (ST-T) 
Abnormalities As a Cause of False Positive Responses 


Long-term follow-up studies were carried out in 121 apparently healthy 
men with an abnormal S-T segment response to exercise—49 Indiana 
State policemen and 72 subjects from a large occupational health center. 
The mean follow-up periods were 66 months and 43 months, respectively, 
for the two groups of subjects. A tendency toward labile S-T or T wave 
abnormalities were documented during standing rest or with hyperven- 
tilation in 61 of these 121 subjects and there was only one new coronary 
event in this subgroup. The labile ST-T wave changes and the abnormal 
S-T segment responses to exercise were not consistently reproducible 
in these subjects, and it was not unusual to see an abnormal S-T segment 
response at a time when the labile repolarization changes could not be 
demonstrated. Many of the subjects exhibited labile ST-T wave changes 
only after oral glucose loading. Significant coronary artery disease was 
documented in 34 (57 percent) of the remaining 60 subjects during the 
follow-up period. 

Coronary cineangiographic studies, obtained in 21 of the 35 subjects 
from the health center who had had no evidence of labile ST-T wave ab- 
normalities, revealed coronary arterial stenoses of 75 percent or greater 
in 19. A statistical analysis was carried out in the 35 subjects without labile 
ST-T abnormalities to determine if there were exercise test variables that 
would differentiate the true positive from the false positive responses. A 
set of criteria were identified that yielded a specificity of 92 percent, a 
sensitivity of 82 percent and a predictive value of 95 percent. The entire 
group of 72 from the health center subjects had undergone an average 
of 3.8 exercise tests before their referral to the authors' laboratory. A 
review of these records revealed that a serial conversion from a normal 
to an abnormal S-T segment response was not more predictive of 
underlying coronary artery disease than an initially abnormal test re- 
sult. 


The practicing physician is often faced with the dilemma of how to deal 
effectively with the asymptomatic and apparently healthy subject who 
demonstrates an abnormal S-T segment response to exercise testing. 
More often than not the test has been obtained to confirm the healthy 
status of the subject and the unexpected result leads to considerable 
psychologic trauma for both the subject and the physician. Epidemio- 
logic studies!-? have shown that apparently healthy subjects with an 
abnormal S-T segment response to exercise have no more than a 25 
percent chance of manifesting symptoms of coronary artery disease 
during follow-up periods of 3 to 6 years. A similar low prevalence of 
clinically significant coronary disease has been demonstrated in two 
coronary angiographic correlation studies.^^ Because of the poor pre- 
dictive value of the abnormal exercise S-T segment response in appar- 
ently healthy subjects, some investigators? have recommended that 
exercise testing be avoided in this population. However, for a variety of 
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reasons physicians continue to obtain exercise tests on 
asymptomatic subjects, and a more reliable approach 
is needed for interpreting the significance of an abnor- 
mal result without resorting to further invasive or 
noninvasive studies. 

Over the past 12 years we have been carrying out 
longitudinal treadmill exercise studies on apparently 
healthy men of the Indiana State Police Force. During 
the same time period we have had the opportunity to 
study and follow-up a sizable number of apparently 
healthy men who were referred to our exercise labora- 
tory for evaluation because of the finding of an abnor- 
mal S- T segment response to exercise during routine 
screening at a large occupational health facility. 

We have reviewed our experience with these two 
groups of subjects with the specific intent of answering 
three questions: (1) What was the predictive value of 
an abnormal S- T segment response to exercise in these 
two study groups? (2) Are there specific exercise test 
variables that will differentiate the true positive from 
the false positive responses? (3) Was a serial conversion 
from a normal to an abnormal exercise S-T segment 
response more predictive of underlying coronary artery 
disease than an abnormal response during initial 
testing? 

Methods 

Study groups: All subjects in this study were asymptomatic 
and apparently healthy men with a normal 12 lead electro- 
cardiogram and a normal heart size as seen on posteroanterior 
chest X ray film. One study group consisted of 723 Indiana 
State policemen who were entered into a longitudinal, maxi- 
mal treadmill exercise testing program at the Krannert In- 
stitute of Cardiology and the Indiana University Medical 
Center between July 1968 and July 1971. The mean age of 
these men at the time of their initial entry examination was 
37 years (range 27 to 55). All were without evidence of hy- 
pertension or glucose intolerance; no subjects were excluded 
because of elevated serum lipids or a history of smoking. All 
subjects received one or more serial clinical and exercise test 
evaluations during the mean follow-up period of 5.5 years 
(range 54 to 78 months) and none were lost to follow-up. 

The second study group consisted of 72 consecutive, ap- 
parently healthy men who were referred to our laboratory 
from the Columbus Occupational Health Association Medical 
Center (Cummins Engine Company, Columbus, Indiana) 


response to treadmill exercise testing during an annual health 
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between 1973 and 1979 because of an abnormal S-T segment 


maintenance physical examination. The mean age of these 
men at the time of their initial examination at our facility was 
54.5 years (range 40 to 63). No subjects were excluded from: 
the study because of hypertension, glucose intolerance, ele- 
vated serum lipids or a history of smoking. These men had 
undergone an average of 3.8 near-maximal exercise tests be- 
fore referral to our laboratory and at least one of the tests had 
been obtained after oral glucose loading for glucose tolerance - 
testing. Every subject had been tested for labile ST-T wave 
abnormalities before each exercise test by the recording of a 
CM; or a V; lead during passive standing and after standing 
hyperventilation. If the subjects exhibited an abnormal S-T - 
segment response to exercise after glucose loading, the exercise | 
test was repeated within 2 weeks in the fasting state; they were - 
then referred if they continued to have an abnormal S-T 
segment depression. 

Classification according to labile ST-T waves before 
exercise testing: All study subjects had a thorough history. 
and physical examination at our facility before undergoin zn 
symptom- -limited treadmill exercise testing in the fasting state 
using a modified Balke protocol.’ All electeocandiowral 
interpretations were made from a modified bipolar CC; lead? 
because this was the only lead uniformly recorded in our. 
laboratory between 1968 and 1974. Just before exercise testing 
all subjects were tested for labile ST-T wave abnormalities 
before and after at least 25 seconds of hyperventilation in the | 
standing position. They were classified as having labile ST-T - 
wave abnormalities if they had a reversal of polarity of the T 
wave or horizontal S-T depression of more than 0.5 mm (Fig. | 
1). The subjects from the occupational health center were 
similarly classified if they had had labile ST-T wave abnor 
malities during one or more previous tests, even if we could - 
not reproduce the phenomenon in our laboratory. For the 
purpose of our follow-up studies, those subjects who were 
classified as having labile ST-T wave abnormalities were also | 
classified as having a probable false positive S-T segment 
response to exercise. All other subjects were classified as 
having a probable true positive response. 

All previous exercise electrocardiograms recorded at the 
occupational health center were reviewed and the 72 subjects 
were further classified according to whether their abnormal 
S-T segment response was observed during their initial ex- 
ercise test or as a serial change. 

Exercise test protocol: All exercise electrocardiogr 
from our laboratory were recorded on a four channel Hew- 
lett-Packard tape recorder together with an electronically 
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FIGURE 1. Examples of three subjects who demonstrated 
labile ST-T wave changes with standing rest or with hyper- 
ventilation in the standing position. 
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After Hyperventilation 
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i | generated time code, and selected groups of 25 consecutive 
Q 15 complexes were subsequently identified and played back 
pf for computer averaging and quantitation."-? The QRS com- 
| plexes were obtained from the standing rest period, the last 
| minute of each 3 minute stage of submaximal exercise, max- 
| [a mal exercise, immediate recovery and the 3 and 6 minute 
recovery periods. Once the averaged QRS complex was con- 
structed, a 10 ms isoelectric interval was identified just pre- 
[v m the onset of the QRS complex.? The peak of the R wave 
was then located and the S- T segment depression and S-T 
slope were quantitated at 60 to 70 ms and 70 to 110 ms, re- 
- Benectively, beyond the peak of the R wave. The magnitude of 
ST segment depression was measured in reference to the 
d soelectric interval. For the studies of the subjects from the 
| occupational health center the R wave amplitude was also 
| quantitated. 
_ For both study groups the computer- quantitated S-T seg- 
ment depression in mm and the S-T ope! in mV/s were al- 
£ gebraically summed to give an S-T index,” and any negative 
| number during exercise was considered to be abnormal. An 
| abnormal S-T segment response in the postexercise period was 
| E" as 1.0 mm or more of S- T segment depression with a 
slope of less than 0.5 mV/s. 
= Follow-up: The Indiana State policemen received serial 
Binics! and treadmill exercise evaluations in our laboratory 
i a 1 to 3 year intervals. A mechanism was also established 
whereby a new cardiovascular illness involving hospitalization 
of the policemen was promptly brought to our attention and 
E rtinent clinical information was obtained from the primary 
physician and the hospital. Subjects who survived acute car- 
diac events were subsequently seen at our facilities for fol- 
i ow-up as well. For both the policemen and the occupational 
health center groups a new coronary event was defined as the 
i onset of angina, or a documented myocardial infarction or 
sudden unexplained death. The 72 subjects from the occu- 
I Estional health center were not followed up in our laboratory 
on a regular or scheduled basis but they did continue to receive 
D nual follow-up evaluations at the occupational health center 
facilities. Clinical follow-up data were obtained from the 
ar edical records at that facility and, when indicated, from 
primary physicians and other medical institutions. The ma- 
jority of subjects who experienced a new coronary event were 
also seen at our facility for follow-up evaluation. No systematic 
genet was made to obtain coronary cineangiographic studies 
on the occupational health center subjects, but during the 
m ean follow-up period of 3.6 years (8 to 89 months) a total of 
30 subjects were studied, either at the Indiana University 
Hospital or at other medical institutions. 
gos analysis: After the follow-up period was completed 
n the medical center subjects classified as probable true 
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$ TABLE IA 


ar Incidence of New Coronary Events During Mean 5.5 Year 
| 'ollow-Up of 49 Apparently Healthy Indiana State 
Policemen With Abnormal S-T Segment Response 
To Exercise 


3 | Subjects . New No New 
. Subgroups (n) Events Events 
No labile ST-T wave 25 12(4896)' | 13 (5296) 
~ abnormalities 

abile ST-T wave 24 0 24 (100%) 


_ abnormalities 


F * Angina in 10 subjects, myocardial infarction in 1 and sudden death 
in 1. 
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positive responders, 10 exercise test variables and 3 risk factor 
variables were analyzed to determine if there were specific 
variables that would identify those subjects documented to 
have coronary artery disease. The variables tested included 
(1) exercise heart rate at the onset of abnormal S- T segment 
depression, (2) depth of S- T segment depression during and 
after exercise, and (3) morphologic pattern of S- T segment 
depression (slow upsloping, horizontal and downsloping) 
during and after exercise. The optimal quantitative or mor- 
phologic variable was derived by a multivariate chi-square, 

analysis for relative risk: 

True positives + True negatives 


Relative risk = FE : 
False positives + False negatives 


After the quantitative or morphologic variables with the 
greatest relative risk were determined, the relative risk for 
each individual variable was compared using a factorial design 
analysis. Once the variable with the greatest relative risk for 
coronary artery disease was identified, the analysis was re- 
peated to determine if we could identify any combination of 
two or more variables with a greater relative risk. A logistic 
regression analysis was not performed because of an insuffi- 
cient sample size to distinguish the multiple variables. 


Results 


Indiana State Policemen's Group 


An abnormal S-T segment response to exercise was 
observed in 49 (6.8 percent) of the 723 Indiana State 
policemen during their initial evaluation between July 
1968 and July 1971. All 49 had an abnormal S-T index 
during maximal exercise and 25 had an abnormal S-T 
segment depression during the 3 to 6 minute recovery 
periods. There were 25 subjects (mean age 44 years) who 
had an abnormal exercise electrocardiogram without 
evidence of labile ST-T wave abnormalities, whereas the 
remaining 24 (mean age 40 years) had labile ST-T wave 
abnormalities, either with their initial evaluation (n = 
14) or during serial testing (n = 10). The total incidence 
rate of new coronary events in these 49 subjects during 
the follow-up period (Table IA) was 25 percent, a rate 
in keeping with previously reported longitudinal stud- 
ies.1-? Of primary interest was the absence of new events 
during the follow-up period in the subgroup of subjects 
who had had labile ST-T wave abnormalities. It became 
apparent during this study that the phenomenon of 
labile ST-T wave abnormalities cannot be consistently 
reproduced in these subjects during serial testing at 1 
to 3 year intervals, and their abnormal S-T segment 
responses to exercise are likewise not always repro- 
ducible. More importantly, the labile ST-T wave 
changes at rest or with hyperventilation and the ab- 
normal S-T segment changes with exercise may be 
dissociated (that is, any given subject may have an ab- 
normal S- T segment response to exercise at a time when 
his tendency toward labile ST-T wave abnormalities 
cannot be unmasked). 

The Indiana State policemen who were destined to 
have a new coronary event tended to manifest pro- 
gressively greater degrees of S-T segment depression 
during serial exercise testing, whereas those who did not 
experience a new event followed a pattern more char- 
acteristic of those in the labile ST-T wave group (Table 
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TABLE IB 


Behavior of S-T Segment Response During Serial Exercise 
Testing in Subjects Developing New Coronary Events 
Compared With Those Remaining Free of Symptomatic 
Coronary Disease 


Mean S-T Index at Maximal Exercise 
Subgroups (n) Test 1(n) Test2(n)* Test 3 (n)* 
No labile ST-T wave (25) 
New events (12) 
No events (13) 
Labile ST-T wave (24) 
No events (24) 


* Number of subjects who had a second and third exercise test during 
the follow-up period or, for the new event group, before the new cor- 
onary event occurred. 


— 1.38 (12) —1.98(9) —2.46 (6) 
—1.25(139) —1.15(13) —1.16 (10) 


1.11(24)  —0.76(24) -—0.64 (22) 


IB). However, the number of subjects with a new coro- 
nary event was too small to draw statistically significant 
conclusions in this respect. 


Occupational Health Center Group 


All of the 72 men referred from the occupational 
health center had had an abnormal S-T segment de- 
pression (1.0 mm or more horizontally or 2.0 mm or 
more slow upsloping at 0.08 second beyond the J junc- 
tion in lead CMs or V5) during one or more of their 
previous exercise tests. T'here were 25 subjects who had 
had labile ST-T wave abnormalities during one or more 
of their tests at that medical facility, and the majority 
of these were detected when the subjects were tested 
after glucose loading. We were able to reproduce the 
labile ST-T wave changes in our laboratory in only 13 
of these subjects in the fasting state. However, we did 
demonstrate labile ST- T wave abnormalities in an ad- 
ditional seven subjects for the first time, perhaps be- 
cause we tended to place more emphasis on the intensity 
and duration of the standing hyperventilation test be- 
fore exercise. Mild hypertension, usually labile in na- 
ture, had been documented in 22 of the 72 subjects and 
11 of these subjects had labile ST-T wave abnormalities; 
11 of the 22 subjects with hypertension had been taking 
. diuretic drugs including 5 of the 11 with labile ST-T 
wave changes. However, all diuretic drugs were dis- 
continued for 48 to 72 hours before testing at our facility 
and all subjects had a normal serum potassium level. 
Labile ST-T wave abnormalities were seen in only two 
of the seven subjects with documented glucose intol- 
erance. None of these seven subjects were insulin-de- 
pendent and only one was taking an oral agent. 

The 72 subjects from the occupational health center 
were classified as either probable false positive or 
probable true positive responders before their entry 
into the follow-up study. Those with an abnormal S-T 
segment response to exercise in our laboratory were 
classified as probable false positive responders if they 
had had labile ST-T wave abnormalities during any 
previous test at the occupational health center or if they 
exhibited these changes during testing at our facility. 
A probable false positive classification was also made 
if we were unable to reproduce the abnormal S-T seg- 





CCs 
No. 1747 No. 1374 
| j H 
STD REST ] STD REST 
BP 130/82 BP 118/70 
HR 88 HR 66 
STG III(8 min) JH $$ STG III(8 min) | ‘ 
BP 160/78 BP 152/74 
HR 165 HR 166 
3 
STG IV(12 min) STG IV(11 min) [| | 
BP 186/70 BP 170/80 
HR 185 HR 186 
l 
3 MIN REC 3 MIN REC 
BP 140/80 BP 126/72 
HR 118 HR 98 






FIGURE 2. Examples of two asymptomatic subjects (left, 56 year 
man; right, 53 year old man) who demonstrated downsloping S-T 
ment depression of 3.0 mm or greater at maximal exercise. BP = bloo 

pressure; HR = heart rate; REC = recovery; STD = standing; STG = 
stage. 


a 
ment response to exercise in our laboratory. Any subject. 
who had a sustained (reproducible) decrease in systolic | 
blood pressure of 10 mm Hg or more during graded ex- 
ercise? or negative (inverted) U waves!? during or after 
exercise was considered to be a probable true positive 
responder irrespective of other findings. Only one. 
subject was classified as a probable true positive re- 
sponder because of one of these abnormalities in the 
face of documented labile ST- T wave abnormalities. | 

Representative CC; exercise electrocardiograms 
from two subjects from the occupational health center. 


are illustrated in Figure 2. Subject 1747 was classified. 


as a probable false positive responder because of doc- | 
umented T wave inversion with hyperventilation during. 
a previous test at the center. This T wave inversion was. 
demonstrated during a test performed after glucose 
loading and it was not reproduced in our laboratory. 
Labile ST-T wave abnormalities could not be demon- 
strated in subject 1374 and he was classified as a prob- 
able true positive responder. A subject with abnormal. 
S-T depression during exercise followed by negative U 
waves in the early recovery period is shown in Figure 3. 
The negative U waves were apparent only during a 15 
to 20 second interval at 1 minute of recovery. Negative 
U waves with exercise are considerably more common 
than appreciated but they are frequently missed be- 
cause of their transient nature.!? The negative U waves 
are usually isolated to the lateral precordial leads and 
are rarely seen at exercise heart rates of more than 130 | : 
beats/min because of fusion of the T and P waves. They 
are most commonly observed in the early recovery pe- 
riod when the heart rate is rapidly decelerating; in our | 
laboratory we obtain continuous electrocardiographic | 
recordings during this period until the T-P interval - 
becomes well defined. Many laboratories are now using 
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URE 3. Exercise electrocardiogram in a 50 year old asymptomatic 
with abnormal S-T segment depression during and after exercise 
d negative U waves 1 minute after exercise. 


| 

; commercial 3 lead recorders that automatically switch 
to successive lead sets of the 12 lead electrocardiogram 
over short intervals, and this may account for the in- 
equency with which others observe this phenom- 
non. 

- The final classification of the 72 subjects from the 
COHA Medical Center into the probable false positive 
and probable true positive groups is shown in Table II 









| 


| 
E 
TABLE I 
Classification and Exercise Data of 72 Apparently Healthy Subjects Referred Because of Abnormal S-T Segment Depression 
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along with exercise test data for the two groups. The 
mean maximal exercise heart rate was lower for the 
probable true positive group, primarily because the 
exercise test was terminated before a maximal effort in 
seven subjects because of a decrease i in systolic blood 
pressure. One subject's exercise was terminated at a 
heart rate of 120 beats/min because of a short run of 
ventricular tachycardia. None of the exercise tests were 
terminated because of progressive S-T segment de- 
pression. There were eight subjects who were classified 
as probable false positive responders because we were 
unable to reproduce an abnormal S-T segment response, 

but three of these subjects had labile ST-T wave ab- 


normalities as well. Seven subjects in the probable true 


positive group had a decrease in systolic blood pressure 
of 10 mm Hg or more during exercise, whereas six had 
negative U waves during or after exercise; Three 
subjects had both abnormalities. 

Coronary angiographic correlations: Table III 
shows the results of coronary cineangiographic studiés 
obtained in 30 (42 percent) of the 72 subjects. Coronary 
cineangiographic studies were obtained in 9 of the 37 
subjects (24 percent) in the probable false positive group 
and all had normal coronary arteries and a left ven- 
triculogram. However, 21 (60 percent) of the 35 subjects 
in the probable true positive group had coronary 
cineangiographic studies during the course of the fol- 
low-up study and 19 had significant coronary artery 
disease including 3 with disease of the left main stem. 
Only 1 of the 19 subjects with abnormal coronary arte- 
riograms had evidence of segmental left ventricular 
dysfunction as seen on left ventriculography in the right 
anterior oblique projection. One of the two subjects with 
normal coronary arteries in the probable true positive 

group had left ventriculographic evidence of a segmental 
cardiomyopathy. 

Follow-up: Table IV shows the follow-up data on the 
72 study subjects. The one new coronary event in the 








With Exercise Testing 
E Group 
1 Exercise Data Probable False Positive Probable True Positive 
‘Number of subjects 37 35 
‘Mean age (yr) 53.3 (40-62) 55.7 (44-63) 
Exercise HR (max) 172/min (145-194) 159/min (120-190) 
Systolic BP (max) 214 mm Hg (176-246) 199 (160-244) 
Abnormal exercise variables 
... S-T depression reproduced (n) 29 35 
Depth of abnormal S-T depression during exercise (mean)* 2.4 mm (1.4-3.6) 3.2 mm (1.7-5.7) 
Abnormal S-T depression postexercise (n) 13 (45%) 24 (69%) 
_ Depth of S-T depression postexercise (mean) 1.2 mm (1.0-2.0) 1.6 mm (1. 0-3.5) 
_ Horizontal S-T depression (n)* 14 (48%) 7(20%) - 
i Downsloping S-T depression (n)! 6 (2196) 21 (60%) 
. Decrease in systolic BP during exerqise (n) 0 7 (2096) 
Negative U wave with exercise (n) 0 6 (1796) 
Complex PVC at HR < 140 beats/min (n)* 2 (596) 11 (3196) 
Increase in R wave with exercise (n) 8 (27%) 12 (34%) 


.. * S-T segment depression measured at 60 to 70 ms beyond the peak of the R wave. t During and/or after exercise. + Exercise-induced premature 
ventricular complexes starting at an exercise heart rate of 140 beats/min or less. Complex defined as multiform or consecutive premature ventricular 


‘complex. 


BP = blood pressure; HR = heart rate; max = maximal; PVC = premature ventricular complex. 
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TABLE lll 
Coronary Arteriographic Results 
| Subjects (n) With 
Subjects (n) Abnormal Study 
With (coronary stenosis 275%) 
Subject Normal 
Group (n) Study SVD DVD TVD LMD 
Probable FP 
9/37 (24%) 9(100%) 0 . 0 0 0 
Probable TP A 


21/35 (60%) 2 (996) 1(5%) 9(4396) 9(43%) (3)* 


* Two with double vessel disease, one with triple vessel disease. 

DVD = double vessel disease; FP = false positive; LMD = left main 
disease; SVD = single vessel disease; TP = true positive; TVD = triple 
vessel disease. 


probable false positive group occurred in a man who had 
not had labile ST-T wave abnormalities but in whom 
we had been unable to reproduce an abnormal S-T re- 
sponse with exercise in our laboratory. In the probable 
true positive group coronary artery disease was initially 
diagnosed after a new coronary event in eight men 
(angina in six, myocardial infarction in two). Abnormal 
coronary cineangiographic studies were subsequently 
obtained in five of these subjects. The other two subjects 
who experienced a new coronary event during the fol- 
low-up period had abnormal coronary cineangiographic 
studies before the onset of symptoms. 

The decision-making pracess for the 21 coronary 
cineangiographic studies in the probable true positive 
group was somewhat complex. We performed 14 of the 
studies at our institution whereas 7 were carried out at 
other medical institutions at the request of the primary 
physicians, either after they received our reports or after 
the subjects manifested symptoms. The nine studies 
performed at our institution before the onset of symp- 
toms were recommended because of abnormalities 
during exercise testing that suggested the possibility of 
advanced coronary artery disease. Included in this 
group were the three subjects who were found to have 
significant disease of the left main coronary artery 
(Table III). 

Bypass surgery: Coronary arterial bypass grafting 
was eventually performed in 10 of the 22 subjects in the 
probable true positive group with documented coronary 
artery disease. For this reason, we were unable to eval- 
uate the long-term prognosis in asymptomatic subjects 
with an abnormal exercise electrocardiogram and 
known coronary artery disease. However, there were no 
deaths in the 22 subjects during the follow-up period. 

Predictive variables of significant coronary 
disease: Once the follow-up study of the 35 subjects in 
the probable true positive group was completed, we 
carried out a retrospective analysis of 10 exercise and 
3 risk factor variables to determine if there were specific 
variables that would reliably identify those 22 subjects 
who were documented to have coronary artery disease 
(Table V). The heart rate at the onset of abnormal S-T 
segment depression (abnormal S-T index) that gave the 
best separation between true positive and false positive 
responses was 140 beats/min or less. The optimal value 


A US PET ee 


TABLE IV 


Coronary Cineangiographic and Long-Term Follow-Up Data 
on 72 Apparently Healthy Subjects Referred for Abnormal 
Exercise Electrocardiogram 





Subject Group (n) 
Probable False Probable True — 










| Positive (37) Positive (35) 
Coronary arteriography 
Obtained (n) 9 (2496) 21 (60%) 
Abnormal (n) 0 19/21 (91%)  . 
Follow-up. 
Available (n) 37 35 
Mean duration in months 44 (8—89) 43 (8-89) | 
(range) v 
Coronary events (n) 1(396)* 10 (2996)! 
Accuracy of classification? 36/37 (97%) 22/35 (6396) 


* Myocardial infarction. ! Angina eight, myocardial infarction two 
+ Based on new cardiac events or abnormal coronary cineangiographic 
studies during follow-up period. 


for depth of S- T segment depression during exercise w 
2.5 mm or more, whereas in the 3 to 6 minute recovery 
periods it was 1.5 mm or more. Downsloping S-T seg- 
ment depression was the most sensitive and specific. 
variable during and after exercise. | 

The specificity, sensitivity and predictive values. 
derived for each variable tested are shown in Table V. 
The variables with the best specificity and predictive 
value were downsloping S-T segment depression during 
exercise, a decrease in systolic blood pressure during 
exercise and negative U waves with exercise, but the 
individual sensitivities for these three criteria were only 
62, 32 and 27 percent, respectively. An analysis of 
combinations of variables did not improve the yield but. 
we did observe that all subjects with coronary artery 
disease and downsloping S- T segment depression dur- 
ing exercise also had an S-T depression of 2.5 mm or 
more during exercise. 3 

The criteria listed in Table VI, when applied ina 
stepwise or vertical sequence, yielded the best sepa- 
ration of the subjects with and without coronary artery 
disease in the probable true positive group. These 
criteria identified 12 of the 13 subjects (92 percent) who 
remained free of coronary artery disease and correct y 
identified 18 of the 22 subjects (82 percent) who were 
documented to have coronary artery disease during the 
follow-up period. The 19 subjects who met the criteria 
(18 true positive responders, 1 false positive responder) 
were designated the multivariate analysis positive group 
whereas the remaining 16 subjects from the probable 
true positive group were designated the multivariate 
analysis negative group (Table VII). These criteria 
would have incorrectly classified 4 of the 37 subjects in 
the probable false positive group, all because of down- 
sloping S-T segment depression of 2.5 mm or more 
during exercise. A 1 

Serial testing: The value of a serial conversion from 
a normal to an abnormal S-T segment response to ex- 
ercise was assessed by studying the records of al 
subjects from the occupational health center who hac 
had two or more serial tests over at least a 1 year tim 
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TABLE V 


Specificity, Sensitivity and Predictive Value of Exercise Test and Risk Factor Variables in the 35 Subjects in Probable True 
Positive Group 


A Predictive Value 
Variables Tested Optimal Criteria Specificity (%) Sensitivity (96) — (96) for CAD 























Exercise HR at onset of abnormal S-T depression X 140/min 77 68 
pth of S-T depression during exercise 22.5 mm 69 64 
Morphology of S-T depression during exercise Downsloping 92 62 93 
Depth of S-T depression postexercise 21.5 mm 69 50 73 
Morphology of S-T depression postexercise Downsloping 69 62 77 
Duration of S-T depression postexercise Present = 6 min 54 64 70 
Increase in R wave amplitude Present 62 37 62 
Decrease in systolic BP Present 2 10 mm Hg 100 32 100 
Negative U waves with exercise Present 100 27 100 
Complex PVC with exercise Present 85 41 82 
isk factors 
. Cholesterol > 250 mg/100 ml <1 present 23 64 64 
. BP = 150/90 mm Hg 2 2 present 78 46 77 
. Smoking = 1 pack-day of cigarettes All present 







True negatives 


DEM —. "—meves oun 
t Eoo True negatives + False positives 
2 Sensitivity — True positives 


True positives + False negatives 
True positives 
True positives + False positives’ 


. Predictive value = 


as 





. BP = blood pressure; CAD = coronary artery disease; PVC = premature ventricular complexes (multiform or consecutive). 


k 


K 

interval (Table VIII). A serial conversion to an abnormal 
S-T segment response did not differentiate the true 
positive from the false positive responses. 


Discussion 


k 
J Abnormal S-T response and prevalence of coro- 
nary artery disease: The prevalence rate of symp- 
tomatic coronary artery disease during our follow-up 
study of 49 apparently healthy Indiana State policemen 
with an abnormal S-T segment response to exercise was 
25 percent. Our combined epidemiologic and coronary 
"ineangiography study of 72 similar men from an oc- 
supational health center revealed a 32 percent incidence 
ʻate of coronary artery disease. These results are very 
'omparable with those reported from previous epide- 
niologic studies.!-? We were able to identify a tendency 
io labile ST- T wave abnormalities with standing rest 
hyperventilation in 61 of these 121 study subjects, 
ind only 1 of the 61 experienced a new coronary event 
luring our follow-up. The incidence of new coronary 
'vents or abnormal coronary cineangiographic studies 
n the remaining 60 subjects was 34 of 60 (57 per- 
ent). | 

Role of labile ST-T changes: The role of labile 
epolarization abnormalities as a cause of the frequently 
alse positive S- T segment responses seen in apparently 
iealthy subjects has received very little attention. Si- 
nonson and Keys!! and Riley et al.!? have shown that 
he postprandial state and glucose ingestion may un- 
aask a tendency toward labile S-T and T wave abnor- 
aalities, both at rest and with exercise. The results in 
ur study suggest that many of the false positive exer- 
ise S-T segment responses in apparently healthy 
ubjects occur because exercise unmasks an otherwise 


unrecognized tendency toward labile ST-T wave ab- 
normalities. The coronary cineangiographic correlation 
study of Froelicher et al.* of 76 asymptomatic male Air 
Force personnel with abnormal S-T segment responses 
to exercise included 58 men with previously docu- 
mented repolarization abnormalities in a 12 lead elec- 
trocardiogram.^ The majority of these men were free of 
coronary artery disease but the report did not state 
whether the ST-T wave changes were fixed or labile. 
Erikssen et al.!? reported a 64 percent prevalence rate 
of coronary artery disease in 75 apparently healthy men 
with an abnormal S-T segment response to exercise. 
They excluded from their study an unspecified number 
of subjects who demonstrated labile ST-T wave 
changes. This exclusion could account, in part, for the 
higher prevalence rate of significant coronary artery 
disease in their study compared with that in other 
studies.^-^ 


TABLE VI 


Optimal Exercise Test Criteria for Diagnosis of Coronary 
Artery Disease in Apparently Healthy Male Subjects 
Without Evidence of Labile ST-T Wave Abnormalities 
(probable true positive group) 


1. Abnormal S-T segment response to exercise 
with 
2. Decrease in systolic blood pressure and/or negative U wave 
during exercise 


or 
3. Downsloping S-T segment depression 2.5 mm or greater during 
exercise 
Specificity (12/13) = 92% 
Sensitivity (18/22) = 82% 
Predictive value (18/19) = 95% 
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TABLE VII 


Coronary Cineangiographic and Long-Term Follow-Up Data on 72 Apparently Healthy Subjects Referred From the 
Occupational Health Center | 
Probable 


Positive 
(n = 37) 


False 

Coronary arteriography 

Obtained (n) 9 (2496) 

Abnormal (n) 0 
Follow-up 

Available (n) 37 

Mean duration (mo) 44 (8-89) 

Cardiac events (n) 1(3%)* 


Accuracy of final classification® 


studies during follow-up period. 


Exercise test criteria for predicting advanced 
coronary disease: Results in our study also suggest 
that there are specific exercise test criteria that will 
_ identify a subgroup of asymptomatic subjects who are 
at high risk of having advanced coronary artery disease 
(Table VI), and these subjects are also at significant risk 
of having symptoms during subsequent follow-up 
(Table VII). However, the criteria were developed in a 
retrospective manner and we are currently in the pro- 
cess of testing their reliability in a prospective study. If 
the criteria do prove reliable in a prospective study they 
will be difficult to apply in other exercise laboratories. 
These criteria are dependent on precise computer 
measurements of the S- T segment depression, and the 
S-T slope and program variations that exist between our 
computer and commercially available systems may re- 
sult in substantial differences in these measurements.!* 
Our study revealed that downsloping S-T segment de- 
pression equal to or greater than 2.5 mm during peak 
exercise predicted significant coronary artery disease 
in 82 percent of the subjects who had no evidence of 
labile ST-T wave abnormalities. The abnormal S-T 


TABLE VIII 


Subjects From the Occupational Health Center With Two or 
More Serial Treadmill Exercise Electrocardiograms Over 
Time Intervals of 1 or More Years 


Subject Group 
Multi- Multi- 
Probable variate variate 
False Analysis Analysis 
Positive Negative Positive 
(n=31) (n= 12) (n = 15) 
Initial exercise S-T 10(32%) 6(50%) 7 (47%) 
segment response 
abnormal (n) 
Serial conversion to 21(68%) 6(50%)* 8 (53%) 


abnormal S-T segment 
response (n) 


SR NUN ŮŮŮĂŮŮ— 


* No new coronary events in these six subjects, and results of cor- 
onary cineangiographic studies in two subjects were normal. 


36/37 = 97% 
* Myocardial infarction. * Angina in both. t Angina six, myocardial infarction two. § Based on new cardiac events or abnormal coronary cineangiograp ic 










Subject Grou 
Multivariate Multivariate 

Analysis Analysis 

Negative Positive 

(n = 16) (n = 19) 
5 (31%) 16 (84%) 
3/5 (60%) 16/16 (100%) 
16 19 
36 (7-62) 49 (8-89) 
2 (1396)! 8 (4296): : 
4/16 = 25% 18/19 = 95% 


segment depression observed during high heart rates 
during exercise has a convex upward configuration and 
the computer-quantitated S-T slope may turn out to be 
upsloping or downsloping in the same subject depending 





on the location and duration of the S-T segment interval 
selected for measurement. The magnitude of S-T seg- 
ment depression will likewise vary depending on th o 
interval or location chosen. In many of our study 
subjects the downsloping S- T segment depression was 
so subtle that it could not be clearly appreciated by vi- 
sual analysis (Fig. 2), and the use of computer quanti : 
tation techniques may account for the surprisingly high 
sensitivity found for this single criterion. j 

Guidelines for testing patients with labile repo- 
larization abnormalities: Our asymptomatic subjects 
who had a documented tendency toward labile repo- 
larization abnormalities and an abnormal S-T segment 
response to exercise appeared to be at no increased risk 
of a new coronary event, and one can seriously question 
whether these persons should be subjected to routine 
exercise testing. However, this observation may prove 
of limited value to the physician who obtains a single 
exercise test in an apparently healthy subject because 
the tendency toward labile ST-T wave abnormalities 
is not a consistently reproducible phenomenon in many 
subjects, especially when they are in the fasting state. 
One potential approach may be to retest the subject 
after glucose loading. If, under these circumstances, he 
manifests a reversal of polarity of the T wave or S-T 
segment depression during hyperventilation in the 
standing position then he can probably be considered 
at minimal risk and further evaluation with exercise 
thallium perfusion imaging or coronary arteriography 
can be avoided. 

Marcomichelakis et al.! recently reported a study of 
50 asymptomatic subjects with repolarization abnor- 
malities in the electrocardiogram at rest and normal 
coronary arteriographic studies. Exercise electrocar- 
diographic testing revealed abnormal S-T segment 
depression in 20 of these 50 subjects, and electrocar: 
diographic abnormalities at rest and during exercise ir 
19 of these 20 were abolished after beta receptoi 


May 1981 The American Journal of CARDIOLOGY Volume 47 115 


[f 


E 

blockade. However, electrocardiographic ST-T wave 
Bbnormalities at rest and during exercise in patients 
with documented coronary artery disease were not al- 
tered with beta receptor blockade. This finding certainly 
warrants further investigation in apparently healthy 
Subjects with a normal electrocardiogram at rest and an 
abnormal S-T segment response to exercise. 

a Our study revealed a relatively small subgroup of 16 
subjects in whom a reliable classification could not be 
accomplished (Table VII). However, the risk of new 
coronary events in this subgroup was relatively low with 
only two subjects (13 percent) having exertional angina 
during the follow-up period. We are currently taking the 
ipproach that this subgroup can safely be followed up 
with serial exercise testing at approximately 6 to 12 
month intervals to search for progressive exercise test 
E ue or a previous unrecognized tendency 
oward labile ST-T wave abnormalities. 

. Predictive value of change in serial exercise 
esting: The predictive value of a serial change from a 
iormal to an abnormal S-T segment response to exer- 
zise has not been adequately studied. An early study by 
oyle and Kinch!6 using submaximal, single stage 
zeadmill exercise testing suggested that a serial con- 
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version to an abnormal S-T segment response was more 
predictive of future coronary events. Our review of the 
serial exercise electrocardiograms of 58 apparently 
healthy men referred from the occupational health 
center did not document an increase in the predictive 
value of an abnormal S-T segment response that oc- 
curred as a serial change (Table VIII). One of the 
characteristics of the abnormal S-T segment response 
to exercise in healthy subjects with labile ST-T wave 
changes is its poor reproducibility with serial testing. 
Because results of any given test may be normal, the 
first test result in healthy subjects may be normal but 
be followed by an abnormal result at a later date. In our 
study of Indiana State policemen we have been fol- 
lowing up 20 subjects in whom an S-T segment response 
to exercise converted from normal to abnormal in the 
absence of labile ST-T wave abnormalities. After a 
mean follow-up period of 4.5 years eight new coronary 
events have developed, comparable to the incidence rate 
in those subjects with an initial abnormal S-T segment 
response. ‘Therefore, a serial change in an abnormal S-T 
segment response to exercise in an apparently healthy 
subject must be interpreted with the same caution as 
the initially abnormal test. 
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Forty healthy young men at low risk for coronary artery disease underwent : 
progressive maximal treadmill testing. Four bipolar electrocardiographic - 
leads including CMs, CCs, inferior-superior Y, anterior-posterior Z, and : 
a standard V; were recorded and later computer-processed. Measure- - 
ments included amplitudes of the Q, R, S, J junction and T wave, R-T and 
Q-S intervals and S-T segment slope. These variables are presented as - 
the 10th, 50th (median) and 90th percentiles throughout the testing pro- - 
cedure to define reference values for the electrocardiographic response. 
to maximal treadmill testing. The medians are presented graphically so | 
that the exercise-induced changes can be visualized. In addition, the : 
percent change of R wave amplitude in V5 compared with the supine 
pretest value is displayed for each subject during and after testing. | 


E 
The value of a measurement in providing useful diagnostic information 
from treadmill testing depends on: (1) the accuracy and completeness 
with which that measurement has been made in healthy persons (the 
reference values), and (2) the effectiveness with which certain limits of | 
the measurement (discriminate values) separate healthy persons from - 
those with health disorders.! Although other procedures have recently 
been emphasized, exercise electrocardiography is still the best means. 
of diagnosing and quantifying the extent of coronary artery disease in 
patients known to have it.? Because no prior study has accurately and- 
precisely described the normal exercise-induced changes of the QRS 
complex and ST-T wave as seen in the commonly used leads during 
treadmill testing, we have attempted to do so. 

An earlier report from the United States Air Force School of Medicine 
(USAFSAM) exercise laboratory described in detail the heart rate, blood 
pressure and functional capacity responses of healthy subjects”; a later i 
report‘ presented the average electrocardiographic response in multiple j 
leads across different response times to treadmill testing without de- 
scribing ranges. The present report is the third in a series on normal 
persons; it uses the same results as in the last report,* but describes the 
response of the electrocardiographic waveform components as percentile 
reference values so that the range of variability is demonstrated. of 
particular value are the descriptions of changes in leads V5 and CMs, the 
most sensitive and commonly used leads,” and changes in R wave am- 
plitude. | 


Methods 


Study subjects: The United States Air Force School of Aerospace Medicine | 
(USAFSAM) provides a clinical consultation gervice for evaluation of ambulatory | 
aircrewmen with suspected or manifest medical disorders; crewmen with overt 
disease are disqualified from flying and are not referred. Records of subjects seen - 
at USAFSAM during 1975 to 1977 were screened to identify a cohort at very low 
risk for coronary heart disease as previously defined (that is, low risk normal 
subjects); 40 subjects were so identified.* Their ages ranged from 22 to 44 (meat 
33 years). Men who manifested Q waves, left or right bundle branch block, ar- 
rhythmias, hypertension or were taking medications were excluded. 
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_ Treadmill stress testing: Each subject completed maximal 
treadmill testing in the morning while fasting. Skin sites were 
carefully prepared for recording four bipolar electrocardio- 
graphic leads: CC5, CMs, an inferior-superior lead called Y, 
and an anterior-posterior lead called Z. The Mason-Likar 
adaptation of lead V5 was also recorded. The subject per- 
formed a maximal treadmill test using either the Balke-Ware 
or USAFSAM protocol®; analog electrocardiographic data 
were continuously recorded. Subsequently, taped electro- 
cardiographic data were selectively digitized (12 seconds at 
500 samples/s) for each lead from (1) each of two pretest 
conditions (supine and standing); (2) exercise heart rates of 
100, 120, 140, 160, 180 beats/min and maximal effort; and (3) 
supine recovery at the end of 1, 3, 5 and 7 minutes. The 12 
second digital records were then processed: baselines were 
straightened and electrocardiographic waveforms were av- 
eraged using the R wave downslope for alignment. 

_ Each resulting averaged electrocardiographic waveform was 
next processed by software that identified and marked se- 
lected electrocardiographic waveform fiducial points (Table 
I). Computer-selected waveform fiducial points were visually 
reviewed; Q and S were fiducial points associated with ex- 
cessive waveform coving, S-T segment slopes beginning before 
or after the J junction, and T wave fiducial points missing the 
maximum or associated with biphasic T waves were elimi- 
nated. 

— Analysis of data: All measurement data from each subject 
were entered into a computer data base. This data base was 
subsequently used to calculate the median (50th percentile) 
and the 10th and 90th percentile limits for each stated mea- 
surement and treadmill protocol condition. Our specific use 
of the 10th and 90th percentiles was arbitrary and provides 
relatively conservative limits for expressing the variability of 
the response of healthy men to treadmill exercise. Addition- 
ally, this nonparametric approach does not require an as- 
sumption of a normal distribution of the measurements. 
Subjects with values exceeding these limits can be thought of 
as being at increased chance of having an abnormal condition 
compared with those whose values are within the limits. 
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Results 


Data, including amplitudes, intervals and slope data, 
were collected on 40 normal subjects at low risk for 
coronary artery disease, and were then processed and 
analyzed for treadmill protocol conditions by electro- 
cardiographic component and lead. The number of 
Bibiects whose data were analyzed at any point ranged 
between 30 and 40 because of data exclusion by the 
previously mentioned criteria. The only exception was 
data analysis of exercise heart rates of 100 beats/min (n 
= 25 to 29) because many subjects began exercise with 
heart rates above this level. Some data were also lost 
because of noise and other processing problems. 

. Waveform characteristics: Figure 1 shows the exact 
waveform characteristics measured using the median 
values for lead V; as an example. Also shown are leads 
V5, Y and Z constructed from the median values dem- 
mstrating the specific waveform alterations that occur 
n response to maximal treadmill exercise. These visual 
liagrams help to conceptualize the changes that the 
lectrocardiogram undergoes. A double coding was 
iecessary so the points and intervals were more dis- 
inguishable. The thin continuous lines are interpola- 
ions between measured points. Supine position, exer- 
ise to 120 beats/min, maximal exercise, and 1 and 5 
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TABLE | 


Criteria for Defining Fiducial Points on the Averaged 


Electrocardiographic Waveforms 
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Isoelectric 16 ms interval having smallest sum squared 
reference: deviation within a window 64 to 14 ms before the R 
wave. 

Q wave: Beginning of R wave upslope, identified by using 4 
ms (2-point) slope of first derivative; move 
backward from R wave peak to find (1) change in 
sign of 4 ms slope, or (2) first 4 ms slope less than 
7 percent of maximal derivative. 

R wave: Maximal R wave amplitude. 

S wave: End of R wave downslope, identified by searching 


past R wave plus 10 ms for (1) location where next 
three digital samples all have greater value than 
current sample, or (2) location where consecutive 4 
ms slopes in first derivative are all less than 6 
percent of maximal derivative. 

S-T segment: In window 30 to 120 ms after R wave, the earliest 40 
ms segment having (1) a sum squared deviation 
less than 0.0004 mV or (2) minimal sum squared 
deviation. An average of the S-T segment location 
found for supine and standing electrocardiographic 
waveforms specified the S-T segment location for 
all exercise and recovery waveforms. 


T wave: Peak amplitude of a monophasic waveform. 


minutes of recovery were chosen as representative times 
for presentation of these median-based simulated 
waveforms. 

There is depression of the J junction and the tall 
peaked T waves at maximal exercise and at 1 minute of 
recovery that can be an early sign of ischemia, but in our 
study was seen in normal subjects. Along with the J 
junction depression, marked S-T upsloping was seen. 
J junction depression did not occur in our Z lead (which 
is equivalent to and of the same polarity as lead Vs). As 
the R wave decreases in amplitude, the S wave increases 
in depth. The Q-S duration shortens minimally, but the 
R-T duration decreases in a larger amount. 

Q wave, R wave and S wave amplitudes (Fig. 2): 
In leads CM;, V5, CC; and Y, the Q wave shows very 
small changes from the resting values; however, it does 
become slightly more negative at maximal exercise. 
Measurable Q wave changes were not noted in the Z 
lead. Changes in median R wave amplitude are not de- 
tected until near maximal and maximal effort is ap- 
proached. At maximal exercise and on into 1 minute of 
recovery a sharp decrease in R wave amplitude is ob- 
served in leads CMs, Vs and CC;. These changes are not 
seen in the Z lead. The lowest median R wave value in 
lead Y occurred at maximal exercise, with R wave am- 


_ plitude increasing by 1 minute of recovery. However, in 


leads CMs, V5 and CC; the lowest R wave amplitude was 
seen at 1 minute of recovery. This quite different tem- 
poral response in R wave amplitude in the lateral versus 
inferior leads is unexplained. There is little change in 
S wave amplitude in lead Z. However, in the other leads, 
the S wave became greater in depth or more negative 
showing a greater deflection at maximal exercise and 
then gradually returning to resting values in re- 
covery. 

Q-S and R-T intervals (Fig. 3): Leads CMs, Vs and 
CC; were used for demonstrating the Q-S interval 
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FIGURE 1. Example of waveform measurement points along with a display of leads Vs, Y and Z using median values. EX 120 = exercise rate of. 
120 beats/min; MAX EX = maximal exercise; 1 REC and 5 REC = 1 and 5 minutes of recovery. 


changes and V; for changes in the R- T interval during 
exercise. A decrease in the Q-S interval occurred and 
was shortest at maximal exercise. By 3 minutes of re- 
covery, the Q-S interval returned to normal. A steadily 
decreasing R-T interval duration was observed as ex- 
ercise increased. The shortest intervals were seen at 
maximal exercise and at 1 minute of recovery. Changes 
in this interval followed changes in heart rate. 

S-T slope, J junction depression and T wave 
amplitude (Fig. 4): The amplitude of the J junction in 
lead Z changed very little through exercise, but was 
slightly elevated in recovery. The location of the J 
junction (QRS end) in lead Z was determined using the 
Z lead signal alone, rather than in a three dimensional 
fashion, and so it is relatively inaccurate. Careful studies 
applying spatial determination of the QRS end are 
needed to assess whether the J junction shifts anteriorly 
or posteriorly. 'T'he J junction was depressed in all other 
leads to a maximal depression at maximal exercise, then 
gradually returned toward, but not to, preexercise val- 
ues in recovery. There was very little difference among 
the three left precordial leads. A dramatic increase in 
S-T segment slope was observed in all leads and was 
greatest at 1 minute of recovery. These changes re- 
turned toward pretest values during later recovery. The 
greatest or steepest slopes were seen in lead CM;, which 
did not show the greatest S-T segment depression. A 
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gradual decrease in T wave amplitude was observed ir 
all leads during early exercise. At maximal exercise the 
T wave began to increase and at 1 minute of recovery th 
amplitude was equivalent to resting values except i 
leads Y and Z, where they were greater than at rest. 
However, there was a great deal of overlap as evidenced 
by the wide percentile limits. 

Percent R wave changes: Figure 5 illustrates the 
percent change of R wave amplitude for each subject 
compared with his R wave at supine rest in leads V; and 
Y. At lower exercise heart rates the great variability of 
R wave response was apparent and many normal per- 
sons had significant increases in R wave amplitude. 
Although most subjects showed a decline in R wave 
amplitude at maximal exercise, some had an increase 
while others showed very little decrease. At 1 minute of 
recovery there was a greater tendency toward a decline 
in lead V; but not in lead Y. Further into recovery R 
wave amplitude remained decreased in lead V5 but in- 
creased in lead Y. 








Discussion 1 






Historical Background 


'The first attempt to evaluate the response of the 
electrocardiogram to exercise was performed by Ein- 
thoven.? In 1908, he made a number of accurate obser- 
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vations after exercise including an increase in the am- 
plitude of the P and T waves and depression of the J 

unction. In 1953, Simonson? studied the electrocar- 
diographic response to treadmill testing in normal 
‘subjects with a wide age range, but did not have the 
advantage of computer analysis. In 1965, Blomqvist? 
published his classic description of the response of the 
Frank vectorcardiographic leads to bicycle exercise 
‘using computer techniques. Rautaharju et al.!° analyzed 
.P, S- T and T vector functions in the Frank leads at rest 
and during exercise. All P wave vector functions in- 
creased during exercise and were compatible with right 
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FIGURE 3. Standing Q-S and R-T interval duration changes presented 
as mean and the 10th, 50th and 90th percentiles. Abbreviations as 
before. 
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FIGURE 2. Q wave amplitude, R wave amplitude and S wave amplitude responses to treadmill exercise expressed as mean and the 10th, 50th 


atrial overload, whereas T wave vectors decreased 
slightly. The S- T segment vector shifted clockwise, to 
the right and upward. This esoteric paper did not deal 
with basic waveform analyses, but presented an ex- 
tensive vectorial approach. 

Simoons and Hugenholtz!! reported Frank lead 
waveform changes during exercise in normal subjects. 
The direction and magnitudes of time-normalized P, 
QRS and S-T vectors and other QRS variables were 
analyzed during and after exercise in 56 apparently 
healthy men, aged 23 to 62 years. The P-R interval and 
the P wave amplitude increased during exercise. The 
direction of the P vectors did not change consistent with 
right atrial overload. Surprisingly, no significant change 
in QRS magnitude was observed and the magnitude in 
spatial orientation and the maximal QRS vectors re- 
mained constant. The time from onset of the QRS 
complex to the peak of the T wave shortened. The ter- 
minal QRS vectors and the initial S-T vectors gradually 
shortened and shifted to the right and superiorly. The 
T wave amplitude lessened during exercise. In the 1st 
minute of recovery, the P and T wave magnitudes 
markedly increased and then all measurements grad- 
ually returned to the resting level. There was an increase 
in S wave duration in leads X and Y (14 to 24 ms). The 
QRS right axis shift was heart-rate dependent. The S-T 
segment shifted toward the right superiorly and pos- 
teriorly and T wave magnitude greatly increased in the 
Ist minute of recovery. Shortening of the QRS complex 
(3 ms) was found in some young persons during exer- 
cise. 

Laciga and Koller!? made quantitative electrocar- 
diographic measurements in 30 young healthy subjects 
at rest and during the stress of moderately acute step- 
wise exposure to a simulated altitude of 7,000 meters. 
A complete 12 lead electrocardiogram was recorded 
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FIGURE 4. S-T junction (or QRS end) amplitude, S-T segment slope and T wave amplitude response to treadmill test expressed as mean and the 


10th, 50th and 90th percentiles. Abbreviations as before. 


during ascent and descent. With increasing altitude, the 
P wave amplitude became significantly increased in- 
feriorly. The duration of the P wave and the P-Q in- 
terval shortened. In the inferior leads, the amplitude of 
the R wave decreased progressively with altitude by 
about 10 percent, whereas the S wave decreased and the 
R wave in lead V; increased by about 10 percent. The 
T wave amplitude decreased with increasing altitude. 
Nonspecific S- T segment depression was noted on oc- 
casion in both the limb and lateral precordial leads. 


Specific Waveform Studies 


P-R segment changes: Riff and Carleton!? dem- 
onstrated in patients with atrioventricular dissociation 
that the duration of atrial repolarization (Ta wave) can 
extend all the way through the QRS complex and into 
the S- T segment. Thus, the Ta wave can play a role in 
the normal rate-related depression of the J junction in 
inferior leads and can increase S wave amplitude. The 
effect of atrial repolarization on the S- T segments in the 
lateral leads may be less important, but it affects a bi- 
polar lead such as CMs, which contains anterior and 
inferior forces. 

Q wave changes: Using vectorcardiographic anal- 
ysis after exercise testing, Kilpatrick!^ found a higher 
sensitivity and specificity for coronary heart disease 
with QRS criteria, including transient infarct patterns, 
than with S- T segment changes. Such changes must be 
secondary to conduction abnormalities and not due to 
a loss of electrically active tissue. A recent study!? found 
exercise-induced Q waves to be of little diagnostic 
value. | 

R wave amplitude changes: Exercise-induced R 
wave amplitude changes were studied by Kentala et al.16 


j 


a 
in healthy persons and in patients with known coronary 
disease. Physically active normal subjects and patients - 
with coronary disease who responded well to an exercise - 
program exhibited increased R wave amplitude in lead. | 
Vs relative to preexercise measurements at supine rest 
both when they assumed an upright posture and in re- 
sponse to exercise. The R wave amplitude then de- 
creased in the supine position after exercise. Such. 
changes were not found in patients who did not benefit - 
from physical conditioning. The significance of the ^R. 
wave index" is unclear. 

Bonoris et al.!? suggested that an increase in R wave 
amplitude during exercise testing i is diagnostic of severe | 
coronary artery disease. It is more likely that the i in- 
crease is caused by the fact that most such patients 
perform submaximal tests and are subject to the nord 
variability in R wave response demonstrated in Figure. 
5. Most of our patients with severe coronary heart dis- 
ease have safely exercised to high levels and exhibited | 
declines in R wave amplitude.!® If such changes were 
due to changes in left ventricular volume, certainly a 
normal subjects would respond to standing with a de- 
crease in R wave amplitude. 

S wave changes: During exercise there is an increase | 
in the S wave in the lateral precordial leads. Katzeff and. 
Edwards!^ hypothesized that this increase in the S wave 
reflects the normal increase in cardiac contractility 
during exercise and that its absence is indicative of 
ventricular dysfunction. However, it is more likely that 
the increase in S wave is caused by exercise-induced axis 
shifts and conduction alterations. 

J point S-T depression: Mirvis et al.?? studied 
junctional depression during exercise using left pre- | 
cordial isopotential mapping. During exercise, junc- | 
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E | FIGURE 5. Percent R wave change in leads Vs and Y compared with 

| values measured supine before testing. Each cross represents the 

. averaged R wave value for one subject at that time period during the 
. exercise testing protocol. 
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tional depression was maximal along the left lower 
_ sternal border. In the early portion of the S- T segment, 
| they found a minimal isopotential along the lower left 
- sternal border that was continuous with terminal QRS 
|! forces in both intensity and location. The late portion 
_of the S- T segment had a minimal isopotential located 
| in the same area as that observed at rest (that is, the 
| upper left sternal border). These observations suggested 
that junctional depression was the result of competition 
_ between normal repolarization and delayed terminal 
depolarization forces. Junctional depression was most 
marked along the left lower sternal border. Also, the 
_ slope of the S-T segment varied from site to site and was 
- directly correlated to magnitude and direction of the J 
. point deviation. Thus, junctional depression is the result 
| of the presence of negative potentials over the left lower 
_ sternal border during early repolarization. These neg- 
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ative potentials responsible for physiologic junctional 
depression could be caused by delayed activation of 
basal areas of the left and right ventricles leading to 
accentuated depolarization-repolarization overlap. The 
numerous studies applying computer techniques to 
study the S- T segment response to exercise in normal 
subjects and in patients with coronary disease have been 
summarized elsewhere.?! 


Mechanisms of Exercise-Induced 
Electrocardiographic Changes 


Plasma electrolyte changes: DeLanne et al.?? 
demonstrated that during exercise there are elevations 
in plasma osmolality, potassium, sodium, calcium, 
phosphate, lactate and proteinate. There is a constant 
and gradual increase in these measurements in both 
men and women, regardless of environmental condi- 
tions. Sodium and potassium rapidly return to normal 
after exercise. During respiratory acidosis, there is a loss 
of potassium from the musculoskeletal system that is 
increased by muscular activity. In contrast, Lade and 
Brown?? demonstrated that potassium enters the 
myocardium during acidosis and exits after exercise. 
The mechanism for this variance between myocardial 
and skeletal muscle is not known. Rose et al.24 noted an 
increase in serum potassium immediately after exercise 
and believed that it was related to T wave changes after 
exercise. They failed to comment on the simultaneous 
increase in potassium and decrease in T waves during 
exercise. There is no reason why there should be a post- 
exertional T wave peak due to hyperkalemia when there 
is no T wave peak during exercise. 

Coester et al.?? drew arterial samples for blood gases 
and electrolytes at rest, during the last minute of max- 
imal bicycle exercise and during recovery. The ampli- 
tude of the T and P waves increased in bipolar lead CH;, 
reaching a maximum in the first 2 minutes after exer- 
cise. All electrolytes measured were increased at the end 
of exercise with potassium increased by 60 percent and 
phosphorus by 53 percent. The potassium and plasma 
bicarbonate levels decreased most rapidly below resting 
values. Electrocardiographic alterations were not closely 
related in time with any single factor such as potassium, 
but appeared to reflect an interaction of the changes in 
mineral balance. : 

Other contributing factors: T'he normal right and 
posterior axis deviation of the QRS complex and de- 
creasing R wave amplitude could be due to right ven- 
tricular overload, respiratory induced descent of the 
diaphragm, changes in thoracic impedance, changes in 
ventricular blood volume, or all of these combined. The 
decreased T wave amplitude may be related to de- 
creased end-systolic volume or to changes in sympa- 
thetic tone, in electrolyte concentration or in the T wave 
vector. Other factors may also contribute to the changes 
in the exercise electrocardiogram including positional 
changes in the electrodes, changes in action potentials, 
electrolytes, hematocrit or intracardiac blood volume 
and augmentation of the atrial repolarization wave. 
There is extensive normal variation related to age in- 


cluding greater S-T segment depression and greater 
right axis deviation in older persons; thus, the age lim- 
itations of our subjects must be considered. 


Conclusion 


This study of apparently healthy men accurately and 
completely demonstrates the electrocardiographic re- 
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treadmill testing. It provides a set of reference values 
that describe the ranges and variability of the normal 
response to treadmill testing of leads V; and CMs, the 
most sensitive and commonly used leads. Of particular 
interest is the normal R wave response, which helps to 
explain some of the controversy regarding the use of R 
wave changes in the diagnosis of severe coronary artery 


sponse of lead V5 and four bipolar leads to maximal disease. E 
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| Computer Quantitation of Q-T and Terminal T Wave (aT-eT) 
- Intervals During Exercise: Methodology and Results in 


b 


‘Normal Men 


Computer-quantitated measurements of the Q-T interval, the Q-T/Q-T, 
ratio (Q-T/corrected Q-T) and the terminal T wave (apex to end of T 
[aT-eT] interval) were evaluated in resting and exercise electrocardio- 
grams of 130 normal men with a mean age of 40 years. Pseudo-orthog- 
onal, bipolar X, Y and Z axis leads were recorded during treadmill exercise 
testing, and 25 consecutive QRS-T complexes from standing rest and three 
exercise stages were computer-averaged. The Q-T interval, Q-T/Q-T, 
ratio and aT-eT interval measurements were then computed from the 
composite QRS-T complexes. Measurements were compared in the X and 
Z axis leads only, because the Y lead proved to be too noisy for accurate 
interpretation. A correlation coefficient of 0.9830 resulted between 
measurements made manually from the plotted, composite QRS-T com- 
plexes and those made by computer. No significant differences, in the 
paired sense, were found between any of the measurements. 

Measurements made on the Z axis lead were consistently longer than 
those made on the X axis lead; however, the differences in the mea- 
surements remained constant across all stages of exercise. A Q-T/Q-T, 
ratio of greater than 1.08, previously reported to be a reliable indicator 
of coronary disease, was observed in the majority of our normal subjects 
during exercise. Although the Q-T interval is substantially influenced by 
many factors, the aT-eT interval proved not to be age- or heart rate- 
dependent. It appears that the aT-eT interval can be measured with a high 
degree of reliability during exercise and it may prove to be a relatively 
specific indicator of repolarization alterations that occur with myocardial 
ischemia. 


The electrocardiographic Q-T interval has classically been thought to 
reflect alterations in ventricular repolarization secondary to myocardial 
disease or ischemia. Application to the study of coronary artery disease 
during stress was a logical development. In 1961, Master and Rosenfeld! 
reported a study of Q-T interval changes in patients after exercise. They 
found the Q-T interval, the Q-X/Q-T ratio (Q wave to onset of T/Q-T 
interval) and the Q-T/Q-T, ratio (Q-T/corrected Q- T) to be prolonged 
in those patients with suspected coronary heart disease. Their patient 
group consisted of both men and women of all ages and the presence of 
heart disease was based on clinical history or an abnormal electrocar- 
diogram, or both. More recently, Greenberg et al.? evaluated the Q-T 
interval in the immediate postexercise period. Although they did not 
find that the Q-X/Q-T ratio enhanced the predictive accuracy of the 
stress test when compared with S-T depression alone, they did report 
that a Q-T/Q-T, ratio of greater than 1.08 was useful in predicting cor- 
onary artery disease. 

Further study of the Q- T interval, particularly when related to inho- 
mogeneity of myocardial repolarization as the presumed mechanism 
whereby ischemia induces prolongation of the Q- T, interval, has dem- 
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onstrated that asynchronous repolarization may be 
associated with a prolonged or normal Q-T. interval 
depending on numerous factors.? Because of this non- 
specificity of the Q- T interval for asynchronous repo- 
larization and the difficulties in quantitative mea- 
surement of the Q-T interval, other indexes of myo- 
cardial repolarization abnormalities have been sought. 
Surawicz^ found potential advantages in focusing on the 
T wave alone as a sensitive reflector of repolarization; 
in particular, he suggested that the apex of the T wave 
to the end of the T wave (a T-eT interval) should reflect 
repolarization alterations. 

In an effort to explore further the Q- T interval and 
the potential value of T wave analysis, the objectives 
of this study were to: (1) develop and validate a com- 
puter program for quantitation of the Q-T and a T-eT 
intervals; (2) examine the behavior of the aT-eT interval 
in a group of normal men at rest and during exercise; (3) 
evaluate the Q- T/Q-T. ratio in a group of normal men 
at rest and during exercise; and (4) evaluate the relation 
of the a T-eT interval measurements made simulta- 
neously from bipolar X, Y and Z axis recordings. 


Methods 


Study subjects: Treadmill exercise tests were performed 
using a modified Balke protocol? in 130 clinically normal men 
of the Indiana State Police force enrolled in a longitudinal 
maximal exercise test study at the Indiana University Medical 
Center. The mean age of the group was 40 years (range 33 to 
63). Each subject had a complete history and physical exam- 
ination and a routine set of laboratory tests that included 
serum electrolytes, 12 channel chemistry values, cholesterol, 
triglycerides, fasting blood sugar and posteroanterior and 
lateral chest X-ray films. All subjects had a normal 12 lead 
electrocardiogram at rest. 

Exercise testing: For the exercise electrocardiographic 
studies, the skin was meticulously prepared and the elec- 
trodes applied to record three pseudo-orthogonal bipolar leads 
designated Bx, By and Bz. These actual lead placements 
corresponded to a modified bipolar CCs, a modified CHg and 
a CM; lead, respectively. The three exercise electrocardio- 
graphic leads were continuously recorded on a four channel 
frequency-modulated analog tape recorder. À simultaneously 
recorded electronic time code was used to identify specific 
exercise intervals during subsequent playback of the elec- 
trocardiographic recordings for analog to digital (A-D) con- 
version and computer averaging. The electrocardiographic 
data were digitized at a rate of 500 (12 bit) samples/s per 
channel and entered into a Nova 2-10 Data General computer 
for averaging.? The computer program contains algorithms 
for identifying and eliminating ventricular premature com- 
plexes from the averaging process. 

Analysis of data: To collect the Q-T data, averaged QRS-T 
complexes (Fig. 1) were constructed for each exercise period 
as follows: (1) Twenty-five consecutive, normal QRS-T com- 
plexes were aligned using the point of maximal rate of change 
of the downslope of the R wave as the fiducial point; (2) the 
isoelectric interval was identified by scanning the proximal 
portion of the averaged QRS complex beginning at 70 ms 
preceding the fiducial point. Several least squares lines were 
constructed in a moving average fashion using 10 ms intervals 
(6 data points) and the standard deviation of the data points 
within the interval were calculated. Scanning forward, two 
consecutive data points were located that exceeded the least 
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FIGURE 1. A computer average of 25 consecutive QRS-T complexes 
plotted on a scale of 2 ms/mm is shown with computer-derived refer- 
ence points for measuring Q-T and aT-eT intervals. 3 
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squares constructed line by 1 standard deviation. The data 
point immediately proximal to these two points was marked 
as the onset of the Q or the R wave. The 10 ms interval pre- 
ceding the onset of the Q or the R wave was then identified as 
the isoelectric interval; (3) the peak of the R wave was located 
by searching all data points proximal to the fiducial point of 
the R wave to the point of greatest positive amplitude; (4) the. 
peak of the T wave was located by scanning for the point of 
greatest amplitude above the isoelectric line starting 60 ms 
beyond the peak of the R wave (moving average method using. 
10 ms intervals); and (5) least squares lines were drawn be- 
ginning beyond the peak of the T wave, again using a moving 
average method over 20 ms intervals, until the maximal neg- 
ative slope of the T wave was found. This least squares line was 
extrapolated to the isoelectric line and the intersect marked 
the end of the T wave. This determination of the end of the 
T wave was adapted from the method described by Lepesch- 
kin and Surawicz.? The Q-T data were then printed out using 
a Texas Instrument Silent 700 Electronic Data Terminal and 
a plot of the composite QRS-T interval was obtained at a scale 
of 2 ms/mm (Fig. 1). 

The heart rate was determined by averaging the R-R in- 
tervals of the 25 consecutive QRS complexes. Data were col- 
lected from the standing rest period and three exercise peri- 
ods: submaximal I, which corresponds to an exercise heart rate 
of between 120 and 130 beats/min; submaximal II, corre- 
sponding to a heart rate of between 140 and 150 beats/min; 
and maximal, the heart rate attained at maximal exercise. All 
plots were checked for accuracy of the computer-derived 
measurements and the data were entered into a research- 
oriented data management system (INTERBASE [unpub- 
lished data]) for subsequent retrieval and analyses. 

Statistical analysis: All Q- T measurements were initially 
made by hand using the computer-generated plots until the 
comparison studies were completed to validate the accuracy 
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TABLE | 


Comparison of Mean Q-T Intervals in 130 Normal Men 
_ Derived by Two Observers Manually and by Computer 
Quantitation From X Axis Lead at Rest and During 
Submaximal and Maximal Exercise 









Q-T Intervals (ms)* 


. Measurement Standing Submaxi- Submaxi- Maxi- 
Method Restt mal It mal IIt malt 
. Manual 
Observer 1 351.6 300.7 273.6 267.3 
Observer 2 351.3 299.6 268.6 262.7 
. Computer 
-= quantitation 351.8 294.7 273.6 267.3 


= * Correlation coefficient for the three Q-T measurements in each 
P stage: r = 0.9830. t Differences not significant. 


te 


of the computer-quantitated measurements. Statistical 
analysis of the data was performed using both parametric and 
nonparametric tests where appropriate, including analysis of 
variance, Mann-Whitney U-test and Student's t test for 
paired data. 







Results 


. Q-T and aT-eT intervals: These intervals were 
initially measured in the X, Y and Z leads. However, 
- excessive noise and baseline wander prevented accurate 
- quantitation of the Q- T intervals in the Y lead in a sig- 
_ nificant number of subjects. Measurement of the Q-T 
_ interval in the X lead was hampered in a small percent 
“of patients by decreases in T wave amplitude during 
Standing rest or exercise. The T wave configuration in 
the Z lead was consistently of greater amplitude, re- 
sulting in a more clearly defined downslope and the 
. recordings from this lead were generally less affected 
- by the factors previously mentioned for the X and Y 

leads. Nevertheless, our initial studies to compare the 
. visual and computer-quantitated Q-T interval mea- 
_ surements were carried out using the computer-gener- 
| ated plots from the X axis recordings, and a correlation 
. coefficient of 0.9830 was obtained. A paired comparison 
. was made between Q-T measurements derived man- 
_ually by two observers and Q- T measurements derived 
| quantitatively by the computer. No significant differ- 
ences in the Q- T measurements were demonstrated in 
any stage of exercise (that is, the Q- T interval mea- 


TABLE Il 


surements made by either observer were as likely to be 
greater as to be less than those derived by the computer 
[Table I]). No significant differences, in the paired 
sense, were observed between any of the visual and 
computer-generated Q-T and aT-eT interval mea- 
surements in either X or Z axis leads. 

The computer-quantitated Q- T and a T-eT interval 
measurements made from the Z axis lead were system- 
atically longer than those made from the X axis lead (p 
«0.001). However, the difference in the measurements 
(Q-T, — Q-T, and a T-eT, — a T-eT,) remained constant 
across all stages of exercise (Table II). 

Q-T ratio: Evaluation of the corrected Q- T (Q-T.)8 
and the Q-T ratio (Q-T/Q-T.) resulted in the data 
shown in Table III. During standing rest the average 
Q-T ratio was 1.04 in the X axis lead. However, during 
submaximal exercise over a heart rate range of 120 to 
150 beats/min, the Q-T ratio was consistently greater 
than 1.08 in 63 percent of the normal subjects (mean 
Q-T ratio = 1.09). When the Q- T measurements were 
evaluated in the Z axis lead all mean Q-T ratios ex- 
ceeded 1.08 during exercise. If the criteria of Master and 
Rosenfeld! were applied, the Q- T ratio would not dis- 
tinguish these normal subjects from patients with cor- 
onary artery disease. 

aT-eT interval versus heart rate and Q-T.: 
Even though there was a decrease in the a T-eT 
interval between rest and maximal exercise (Table II), 
this shortening did not appear to be primarily heart 
rate-dependent. Because the standing rest and maximal 
exercise periods are so physiologically disparate, the 
measurements made within these specific times cannot 
be directly compared with one another. To examine 
more closely the association between heart rate and the 
a T-eT interval, measurements were examined over four 
heart rate ranges during standing rest and at maximal 
exercise, the periods when the widest ranges of heart 
rate existed. When measurements were made in the X 
axis lead during standing rest over a heart rate range of 
47 to 115 beats/min, the Q-T interval shortened sig- 
nificantly with the higher heart rates, but the aT-eT 
interval did not (Table IV). At maximal exercise, over 
a heart rate range of 150 to 213 beats/min, the Q-T in- 
terval again shortened at the higher heart rates but the 
a T-eT interval did not. Similarly, measurements made 
in the Z axis lead demonstrated a shortening of the Q-T 
interval over the same heart rate ranges during standing 


Mean Values of Q-T and aT-eT Interval Measurements (ms) in 130 Normal Men at Rest and During Submaximal and Maximal 


Exercise Stages Measured in X and Z Leads 
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Stage HR $ Q-T, Q-T;* 
Standing rest 79.9 362.6 372.1 
Submaximal I 125.2 300.6 308.9 
Submaximal II 143.7 281.4 291.3 
Maximal 181.4 245.0 258.1 
p «0.001 «0.001 


Q-T;-Q-T, aT-eT, aT-eT;! aT-eT;-aT-eT, 
9.5 78.6 90.3 11.7 
8.3 74.9 85.0 10.0 
10.0 70.1 82.5 12.4 
13.1 57.9 74.2 16.3 
NS «0.001 «0.001 NS 


* Q-T, > Q-T, (p <0.001 paired sense). t aT-eT, > aT-eT, (p «0.001 paired sense). 


HR — heart rate (beats/min); NS — not significant; p — probability. 
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TABLE Ill 


Mean Values of Q-T Interval, Corrected Q-T Interval (Q-T,) 
and Q-T Ratio Measured in X and Z Leads at Rest and 
During Exercise in 130 Normal Men 


Q-T (ms) Q-T Ratio! 
——— Q-T.* ——————— 
Stage HR XLead ZLead (ms) XLead ZLead 


Standing rest 79.9 362.6 372.1 349.8 1.004 1.07 


Submaximal! 125.2 301.7 .310.4 2789 1.09 1.12 
Submaximal Il 143.7 282.9 293.1 258.5 1.09 1.13 


Maximal 181.4 245.0 258.1 230.5 1.06 1.12 


* QT, = 0.4 VRR . t Q-T ratio = Q-T/Q-T,. 


rest and at maximal exercise, but the a T-eT interval did 
not shorten at higher heart rates (Table V). Therefore, 
the observed shortening of the a T-eT interval between 
the standing rest period and the maximal exercise pe- 
riod (Table II) must be related to factors other than an 
increase in heart rate. In addition, we observed that the 
a T-eT interval, unlike the Q-T interval, was not age- 
dependent in this group of normal subjects. Over the age 
range of 33 to 63 years the Q- T interval at rest length- 
ened significantly as expected, but the a T-eT interval 
remained unchanged. . 


Discussion 


Limitations of Q-T interval measurements dur- 
ing exercise: Quantitative measurements and inter- 
pretation of the Q-T interval during exercise is prone 
to error for several reasons: (1) The Q-T interval is 
highly heart rate-dependent; thus, changes in heart rate 
necessitate adjustments in the Q- T measurement. Most 
formulas for correcting the Q-T interval® for heart rate 
were derived from resting electrocardiograms and are 
valid only under basal conditions. (2) The Q-T interval 
is also age- and sex-dependent and appropriate cor- 
rections must be made for these two variables. (3) 
Medications such as digitalis, quinidine, procainamide 


TABLE IV 


Mean Q-T and aT-eT Interval Measurements in X Axis Lead 
Over Different Heart Rate Ranges at Rest and During 
Maximal Exercise in 130 Normal Men 


Heart Rate Q-T, aT-eT, 
Cases (n) (beats/min) (ms) (ms) 
Standing Rest 
34 47-72 393.7 77.2 
27 73-78 368.0 79.8 
34 79-87 347.4 74.1 
35 88-115 345.6 82.2 
p «0.001 NS 
Maximal Exercise 
32 150-168 266.7 60.4 
33 169-182 251.9 59.0 
30 183-191 240.0 58.9 
35 192-213 229.8 56.4 
p <0.001 NS 


TABLE V 


Mean Q-T and aT-eT Interval Measurements in Z Axis i 
at Rest and During Exercise in 130 Normal Men 


Heart Rate 


Cases (n) Range (beats/min) Q-T; aT-eT, à 
Standing Rest : 
34 47-72 398.1 90.9 
27 73-78 373.8 87.0 X 
34 79-87 361.7 89.2 a 
35 88-115 358.0 93.2 14 
p «0.001 NS .— 
] 
Maximal Exercise 3 
32 150-168 274.7 IV 
33 169-182 264.1 71.2 
30 183-191 263.8 836 5 
35 192-213 241.4 70.8 5 
p «0.001 NS j 


and phenothiazines, as well as serum concentrations a 


l 


potassium, calcium and hydrogen ions, have a signifi- 
cant influence on the Q-T interval.*:!° (4) The Q-T in- 
terval has recently been shown to vary within the same 
subject even though the heart rate remains the same. Hu 
(5) The Q-T interval is difficult to measure, particulari 
at high heart rates associated with exercise, because of 
merging of the T and P waves. At slower heart rates, - 
merging of the T wave with a prominent U wave may 
also cause difficulties.!? (6) The initial or terminal 
portions of the Q-T interval may be isoelectric when. 

3 





measured in any single electrocardiographic lead, re- 
sulting in spurious measurements.” ; 

Computer measurements of Q-T and aT-eT in- 
tervals: Our study shows that most of the technical 
problems involved in measuring the Q-T interval can 
be resolved using computer averaging and quantitation 
techniques. As illustrated by several investigators,!? 
computer averaging allows for considerable reduction 
in noise and improved signal quality, because normally 
distributed random noise superimposed on a signal is- 
proportional to the square root of the number of QRS- 
complexes used. In this case, we achieve an improve-- 
ment in signal to noise by a factor of 5. This in turn al-- 
lows for accurate measurement of a'T-e T components. 
of the Q-T interval, which may prove to be of more. 
clinical value. Our data show that both the Q-T and 
aT-eT interval measurements made from the Z axis lead 
are systematically longer than those made from the X 
axis lead. This phenomenon may be secondary to iso- 
electric components at either the onset or the end of the 
QRS complex in the X axis lead. Lepeschkin and Su- 
rawicz’ noted that the onset of the QRS complex begins 
earlier in precordial leads V; to V3; and, in addition, in 
leads in which the T wave is of low voltage (as in the X 
lead) the terminal portion of the T wave may be poorly 
defined or isoelectric. They have recommended that 
Q- T measurements be made in a lead with a prominent 
T wave, usually Və to V4.7?.!? 

A potential weakness of our computer technique is 
in the method of determining the points of onset of the 
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Q wave and the end of the T wave. At present we make 
_ these data point determinations on each individual lead 
- recorded. A more precise method would be to make a 
single determination using three simultaneously re- 
corded, orthogonally oriented leads. Thus, if one lead 
manifests an isoelectric onset or end of the QRS com- 
- plex, or both, the true points will be derived from either 
_of the other two recorded leads. Simoons et al.!4 de- 
scribed a computer program designed to recognize the 
true onset and end of the QRS complex by using mul- 
tiple leads and templates established from a represen- 
_ tative group of QRS complexes. 
To date, our Q- T interval measurements have been 
» made from a composite, averaged (mean) complex de- 
rived from 25 consecutive QRS complexes. We are 
— dm undertaking a study to compare Q-T mea- 
surements made from both mean- and median-derived 
complexes. Theoretically the median-derived composite 
complex would be more representative of the true QRS 
. complex because it is less affected by discrepant val- 
- ues.1?-?? The median measurement is not sensitive to 
nonzero sum and nonrandom amplitude noise, whereas 
the mean measurement is. 
Relative to the alignment process used to construct 
the composite QRS complex, some investiga- 
| tors!416.18,19 advocate the use of a spatial velocity vector 
- technique for identifying and classifying waveforms. We 
continue to use the maximal rate of change of the 








| 






. Master AM, Rosenfeld l. Criteria for the clinical application of the 
“two-step” exercise test. Obviation of false-negative and false- 
| positive responses. JAMA 1961;178:283-9. 

_ 2. Greenburg PS, Friscia DA, Ellestad MH. Predictive accuracy of 

|». .. Q-X/Q-T ratio, Q-T, interval, S-T depression and R wave amplitude 

during stress testing. Am J Cardiol 1979;44:18-23. 

.. 3. Yanowitz BA, Preston JB, Abildskov JA. Functional distribution 
of right and left stellate innervation to the ventricles: production 
of neurogenic electrocardiographic changes by unilateral alteration 
of sympathetic tone. Circ Res 1966;18:416-28. 

4. Surawicz B. The pathogenesis and clinical significance of primary 
T-wave abnormalities. In: Schlant RC, Hurst JW, eds. Advances 
in Electrocardiography. New York: Grune & Stratton, 1972: 
377-421. 

5. McHenry PL, Phillips JF, Knoebel SB. Correlation of computer 
quantitated treadmill exercise electrocardiogram with arterio- 
graphic location of coronary artery disease. Am J Cardiol 1972; 
30:747-52. 

6. McHenry PL, Morris SN, Kavalier M. Exercise induced arrhyth- 
mias—recognition, classification and clinical significance. Car- 
diovasc Clin 1974;6:245-54. 

7. Lepeschkin E, Surawicz B. The measurement of the Q-T interval 
of the electrocardiogram. Circulation 1952;6:378-88. 

8. Bazett HC. An analysis of the time-relations of electrocardiograms. 
Heart 1920;7:353-70. 

9. Ashman R. The normal duration of the Q-T interval. Am Heart J 


oA "a Bo o5 Ja a MER RA 2 m om 


r 


downslope of the R wave as the fiducial point for QRS 
alignment, but in this area further validation studies are 
needed to define the optimal technique. 

With reference to the T wave, our computer algo- 
rithm will quantitate only electrocardiograms with 
upright T waves; however, a similar algorithm could be 
utilized for inverted T waves by finding the most neg- 
ative point of the T wave below the isoelectric line and 
the end of the T wave previously described. 

Clinical applications: Because the Q-T interval 
measurement is influenced by multiple factors, its 
clinical usefulness is limited. On the basis of the values 
established in this study, the Q- T ratio would not ap- 
pear to be a reliable indicator of exercise-induced 
myocardial ischemia because the majority of our normal 
subjects had a Q- T ratio greater than 1.08 during exer- 
cise. The a T-eT interval may prove to be a more clini- 
cally useful measurement because it is neither heart 
rate- nor age-dependent. The aT-eT interval does 
shorten during maximal exercise, but this shortening 
is probably the result of complex neurohumoral influ- 
ences. The influence of commonly used cardiac drugs 
and electrolyte or acid-base abnormalities on the a T-eT 
interval requires further investigation. At present, 
studies are underway in our laboratory to determine if 
the a T-eT interval measurement is specifically sensitive 
to the repolarization alterations that occur with exer- 
cise-induced myocardial ischemia. 
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Finally, 
system that stacks up under pressure 
...Qgnd temperature, respiration, pulse... 


Air-Shields introduces the AS100 StackSystem 

a revolutionary new concept in bedside vital signs monitoring: 

e Choice of two standard scopes, both with integral ECG 
amplifier, rate display, and alarms. 

e Unique vertical “stack-on° modules automatically snap 
into place. No mainframe, tools or external cabling required. 

e Brilliant non-fade traces and large LED readouts are 
exceptionally visible. 

e On-scope trend memory stores up to four parameters. 

See for yourself how the new AS100 stacks up to your 

toughest tests. For literature and a demonstration call 

toll free 800/523-5756. 
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recognition... 

pt diagnosis... 

corrective therapy... 
oved results 


inary signs of early shock 
manifest themselves as 


al confusion, disorienta- 


educed urine output and 
rately decreased blood 


re. These preliminary sig- 


resulting from decreased 
rgan perfusion to the brain 


idney, are frequently ap- 


t prior to the appearance 
ssic indications of shock 


as severe hypotension, 


ished cardiac output and 
erature changes. 


s early stage, prompt iden- 


ion and elimination of 
ative factors, as well as 
‘diate therapy to reverse 
atory deterioration, can 
à critical role in restoring 
al vital organ perfusion. 


The role of Intropin 

Intropin^ (dopamine HCI) has 
found a significant place in the 
treatment of classic shock 


symptoms where one of the pri- 


mary objectives is stabilization 
of blood pressure. But the drug 


plays an equally important sup- 


portive role in the early shock 
stages by specifically increasing 
perfusion to the kidneys and 


other vital organs. Patients ex 
hibiting signs of mild hypoper- 


fusion usually show improved 
urine output on low (—5 mcg/ 
kg/min) Intropin doses. At the 
same time, Intropin supports 


cardiac output and dilates ves- 


sels in the critical mesenteric 


and splanchnic sites while con- 


stricting vasculature in the skin 
and muscles. 


Frequently, this restoration of 
normal vital organ nourishment 
(plus the elimination of the 
causes of hypoperfusion) is 
sufficient to reverse the signs 
of early shock. 


for better 
atient response 


Please see adjacent page for 
a brief summary of Intropin 
prescribing information. For 
further information, please con 
tact Medical Services Depart 
ment of American Critical Care 
Division of American Hospital 
Supply Corporation, 1600 Wau 
kegan Road, McGaw Park, Illi 
nois 60085. 


INTROPIN 


(dopamine HCI) 


| 1981 Amer Cal} Crit al Care 
E Ar pply C re r 


American Critical Care 





INTROPIN® it aii HCI) 


5 ml AMPUL and SINGLE-DOSE VIAL 
5 ml ADDITIVE SYRINGE (Rap-Add*) 
(200 mg and 400 mg concentrations) 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a 
naturally occurring biochemical-cathecholamine precursor of norepinephrine. Intropin is a clear, 
aqueous additive solution for intravenous infusion after dilution. 
INDICATIONS: For the correction of hemodynamic imbalances present in the shock syndrome 
due to myocardial infarctions. trauma. endotoxic septicemia. open heart surgery. renal failure. 
and chronic cardiac decompensation as in congestive failure 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs 
by which adequacy of vital organ perfusion can be monitored The physician should also 
observe the patient for signs of reversal of confusion or comatose condition Loss of pallor 
Increase in toe temperature and/or adequacy of nail bed capillary filling may also be used 
as indices of adequate dosage Note that at doses above those optimal for the individual 
patient. urine flow may decrease. necessitating reduction of dosage Concurrent administra- 
tion of INTROPIN and diuretic agents may produce a potentiating effect 


Low Cardiac Output — Increased cardiac output is related to the direct inotropic effect of 
INTROPIN on the myocardium. Increased cardiac output at low or moderate doses has been 
associated with either static or decreased systemic vascular resistance (SVR) and appears 
to be related to a favorable prognosis Increase in cardiac output produced by INTROPIN 
IS not associated with substantial decreases in SVR as may occur with isoproterenol 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administra- 
tion of low to moderate doses of INTROPIN. which have little effect on SVR At high 
therapeutic doses. the drug s alpha adrenergic activity becomes more prominent and thus 
may correct hypotension due to diminished SVR. Administration. should be considered as 
- soon as a definite trend toward decreased systolic and diastolic pressure becomes evident 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachy- 
arrhythmias or ventricular fibrillation. INTROPIN should not be added to any alkaline diluent 
solution since the drug is inactivated in alkaline solutions Patients who have been treated 
with monamine oxidase (MAO) inhibitors prior to the administration of INTROPIN will require 
substantially reduced dosage (1/10 the usual starting dose! 

Usage in Pregnancy — INTROPIN may be used in pregnant patients when in the judgment 
of the physician. the expected benefits outweigh the potential risk to the fetus 

Usage in Children - The safety and efficacy of INTROPIN for pediatric use has not been 
established 


PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN. hypovolemia should 
be fully corrected. if possible. with either whole blood or plasma as indicated 


Decreased Pulse Pressure — f a disproportionate rise in the diastolic pressure ire a marked 
decrease in the pulse pressure) is observed in patients receiving INTROPIN. the infusion rate 
should be decreased and the patient observed carefully tor further evidence of predominant 
vasoconstrictor activity. unless such an effect is desired 


Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent 
the possibility of extravasation into tissue adjacent to the infusion site which may cause 
necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are 
preterred to veins in the dorsum of the hand or ankle 


Occlusive Vascular Disease — Patients with a history of occlusive vascular disease (for 
example. atherosclerosis. arterial embolism. Raynauds disease. cold injury. diabetic 
endarteritis, and Buergers disease) should be closely monitored for any changes in color 
or temperature of the skin in the extremities 


IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis 
in ischemic areas, the area should be infiltrated as soon as possible with 10 to 15 ml 
of saline solution containing from 5 to 10 mg of Regitine" (brand of phentolamine), 
an adrenergic blocking agent. A syringe with a fine hypodermic needle should be 


used, and the solution liberally infiltrated throughout the ischemic area. Sympathetic 
blockade with phentolamine causes immediate and conspicuous local hyperemic 
changes if the area is infiltrated within 12 hours. Therefore, phentolamine should 
be given as soon as possible after the extravasation is noted 





Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Because of the theoretical 
arrhythmogenic potential of these agents and the known increase in cardiac autonomic 
irritability which may sensitize the myocardium. INTROPIN should be used with EXTREME 
CAUTION in patients inhaling such anesthetics 


Careful Monitoring Required — As in the case of any adrenergic agent infusion of 
INTROPIN should be accompanied by close monitoring of urine flow. cardiac output and 
blood pressure 


ADVERSE REACTIONS: The most frequent include ectopic beats, nausea. vomiting. tachy- 
Cardia. anginal pain, palpitation, dyspnea, headache. nypotension, and vasoconstriction. 
Others reported infrequently are aberrant conduction, bradycardia. piloerection. widened QRS 
complex. azotemia. and elevated blood pressure 


WARNING: This is a potent drug — must be diluted before administration to patient. 


OVERDOSAGE: in case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue. INTROPIN until patient's 
condition stabilizes. Since the drug's duration of action is quite short. no additional remedial 
measures are usually necessary If these measures fail to stabilize the patient's condition, 
use of the short-acting alpha adrenergic blocking agent. phentolamine, should be considered 


HOW SUPPLIED: 

— 200 mg (5 ml containing 40 mg dopamine e —400 mg (5 ml containing 80 mg dopamine 
HCI per ml). NDC 0094-0040-05 — Ampul. HCI per ml). NDC 0094-0046-06 — Single-dose 
NDC 0094-0040-06 — Single-dose vial (color vial (color coded green). NDC 0094-0046-07 — 
coded white). NDC 0094-0040-07 —RAP-ADD' RAP-ADD* Additive Syringe (color coded green). 
Additive Syringe (color coded white). 


CAUTION: Federal law prohibits dispensing without a prescription. Full directions for use 
should be read before administering or prescribing November 1980 


Distributed by 
8. American Critical Care 
**'' Division of 


American penal Supply Corporation 
McGaw Park IL 6008 
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Laragh’s eagerly awaited : Le "i 
new book on the silent killer E 


TOPICS IN 
HYPERTENSION 


Edited by 


John H. Laragh, MD 


Master Professor of Medicine 
Director, The Cardiovascular 
Center Chief, Cardiology 
Division The New York 
Hospital- Cornell Medical Center 


644 pages. 36 chapters by 85 
internationally known spe- 
cialists. Illustrated. Compre- 
hensively indexed. $49.00. 
Available on 30-day approval. 









High blood pressure is no longer only a problem of world- 
wide interest and relevance. It is now one in which the 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about it in his 
daily practice...and can apply, to an ever-increasing 
extent, more sophisticated and individually tailored 
therapies. 


Laragh's TOPICS IN HYPERTENSION places this kind 
of vital knowledge within instant reach of the physician. 
It presents a carefully selected array of discussions. It 
deals in depth with recent breakthroughs in understand- 
ing, diagnosing, and treating this problem. 


This book is conveniently organized for effective consul- 
tation and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


* Section 2 deals with new physiologic approaches to 
diagnosis. 


* Section 3 discusses new perceptions of the clinical and 
prognostic aspects of hypertension. 


* Section 4 considers in detail the more recently intro- 
duced modes of therapy. These new agents presage the 
beginning of a new era of more selective and specific 
therapy for increasing numbers of patients. 

Put ww Gn) NES MES EXPL GR Rib GEN EIN GS (GEN GER CRTR GU FIND NP DUNG AR 
YORKE MEDICAL BOOKS AJC 5/81 ü 
666 Fifth Avenue * New York, NY 10103 
Send me, on approval, |^ |  ) J copiesof Laragh's TOPICS 
IN HYPERTENSION at $49.00. | will consult and read this new 
manual for 30 days, then remit only if | consider it a necessary 


addition-to my library. Otherwise | will return it without further 
obligation. 


Send bill, plus shipping cost. 
Payment herewith. Publisher pays shipping. Same return 





privilege. 
Charge my MasterCard Visa 
Card No. 3 Exp. date 
Name "TN E E Si 
Address zn y F 
City Gu -, Zip 


Please add Sales Tax in N.Y. State. Outside Western Hemisphere 
price is $57.00 and prepayment or credit card number is required. 
Thank you. 
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One disposable dome stands out from every other in sight. Why? Probably 
because Bell & Howell's DISPOSADOME® excells in so many ways. 

Some say they like the convenience ... "It's so fast and easy!" (They refer to 
the individual snap-open sterile package and quick installation — you don't have 
to use a fluid between the membrane and the transducer diaphragm — and of 
course the disposable feature.) 

some quote the economy factor. (Yes, considering the time and labor costs for 
cleaning and sterilizing other types — plus the possibility of transducer damage 
— that's certainly true.) 

Others agree to these advantages, but additionally cite the ready availability 
of either Linden or Luer fittings. (And, we might add, you can switch transducers 
or domes without disturbing the fluid path.) 

Whatever your reasons for helping to make DISPOSADOME famous, you al- 
so have the assurance of the Bell & Howell name and experience. And that's real- 
ly the best reason of all. 


(DISPOSADOME is designed exclusively for use with Bell & Howell physiological pressure transducers.) 


360 Sierra Madre Villa, Pasadena, California 91109 (213) 796-9381 
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stylized to portray 
the patient's inner 
conviction, not his 
heart condition. 
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This “EKG” was 
























THE PATIENT THINKS 
= HE HAS HEART TROUBLE... 
OU KNOW IT’S REALLY 
do NXIETY SYMPTOMS. 


senting symptoms: palpitations, chest pain, 
exhaustion and occasional difficulties in breathing. 
reason for concern. A complete workup uncovers no 
anic dysfunction, but it does reveal excessively high 

2 els of anxiety and apprehension. 


For rapid relief you prescribe 
Valium Giazepam/ Roche) 


At times like this, Valium (diazepam/Roche) can be a 
_ potent therapeutic ally. It works promptly. Within just a few 
a hours, the patient begins to feel calmer. And in a few days, 
E. anxiety relief not « only. becomes more pronounced but a 
uc ion in anxiety-generated somatic symp- 
"LM . toms also occurs. — 
" A- Equally important, Valium i is generally well tolerated. 
li Side reactions more serious than drowsiness, ataxia and 
"  . . fatigue are rare. Patients should, of course, be cautioned 
against driving or drinking alcohol while on Valium therapy. 
Periodic reassessment of the need for antianxiety medica- 
tion should also be Epod. 
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2-mg, | es 10-mg edd tablets 


E YOURE CONVINCED 
| VE TAPMIR NEEDS IT 


VALIUI"I vXalaze / nocne) 
Before prescribing, please consult complete 
product information, a summary of which 
follows: 
Indications: Management of anxiety disorders, or 
short-term relief of symptoms of anxiety; symp- 
tomatic relief of acute agitation, tremor, delirium 
tremens and hallucinosis due to acute alcohol 
withdrawal; adjunctively in skeletal muscle spasm 
due to reflex spasm to local pathology; spasticity 
caused by upper motor neuron disorders; athe- 
tosis; stiff-man syndrome; convulsive disorders 
(not for sole therapy). 
The effectiveness of Valium (diazepam/Roche) in 
long-term use, that is, more than 4 months, has not 
been assessed by systematic clinical studies. The 
physician should periodically reassess the useful- 
ness of the drug for the individual patient. 
Contraindicated: Known hypersensitivity to the 
drug. Children under 6 months of age. Acute 
narrow angle glaucoma; may be used in patients 
with open angle glaucoma who are receiving 
appropriate therapy. 
Warnings: Not of value in psychotic patients. 
Caution against hazardous occupations requiring 
complete mental alertness. When used ad- 
junctively in convulsive disorders, possibility of 
increase in frequency and/or severity of grand mal 
seizures may require increased dosage of stan- 
dard anticonvulsant medication; abrupt with- 
drawal may be associated with temporary 
increase in frequency and/or severity of seizures. 
Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symp- 
toms similar to those with barbiturates and alcohol 
have been observed with abrupt discontinuation, 
usually limited to extended use and excessive 
doses. Infrequently, milder withdrawal symptoms 
have been reported following abrupt discontinua- 
tion of benzodiazepines after continuous use, 
generally at higher therapeutic levels, for at least 
several months. After extended therapy, gradually 
taper dosage. Keep addiction-prone individuals 
under careful surveillance because of their pre- 
disposition to habituation and dependence. 
Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should 
almost always be avoided because of 
increased risk of congenital malforma- 
tions as suggested in several studies. 
Consider possibility of pregnancy when 
instituting therapy; advise patients to 
discuss therapy if they intend to or do 
become pregnant. 
Precautions: |f combined with other psycho- 
tropics or anticonvulsants, consider carefully 
pharmacology of agents employed; drugs such as 
phenothiazines, narcotics, barbiturates, MAO in- 
hibitors and other antidepressants may potentiate 
its action. Usual precautions indicated in patients 
severely depressed, or with latent depression, or 
with suicidal tendencies. Observe usual precau- 
tions in impaired renal or hepatic function. Limit 
dosage to smallest effective amount in elderly and 
debilitated to preclude ataxia or oversedation. 
Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, 
depression, dysarthria, jaundice, skin rash, ataxia, 
constipation, headache, incontinence, changes in 
salivation, slurred speech, tremor, vertigo, urinary 
retention, blurred vision. Paradoxical reactions 
such as acute hyperexcited states, anxiety, hallu- 
cinations, increased muscle spasticity, insomnia, 
rage, sleep disturbances, stimulation have been 
reported; should these occur, discontinue drug. 
Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable 
during long-term therapy. 
Dosage: Individualize for maximum beneficial ef- 
fect. Adults: Anxiety disorders, symptoms of anx- 
iety, 2 to 10 mg b.i.d. to q.i.d.; alcoholism, 10 mg 
t.i.d. or q.i.d. in first 24 hours, then 5 mg t.i.d. or 
q.i.d. as needed; adjunctively in skeletal muscle 
spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively i in 
convulsive disorders, 2 to 10 mg bi.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2V» mg, 1 or 
2 times daily initially, increasing as needed and 
tolerated. (See Precautions.) Children: 1 to 2⁄2 mg 
t.i.d. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium* (diazepam/Roche) Tablets, 
2 mg, 5 mg and 10 mg— bottles of 100 and 500; 
Tel-E-Dose® packages of 100, available in trays of 
4 reverse-numbered boxes of 25, and in boxes 
containing 10 strips of 10; Prescription Paks of 50, 
available in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
} @ Nutley, New Jersey 07110 


How to Keep Up with 
Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 


a leading medical center show 
Siew you how to use the most current 








chemotherapeutic agents 


A SYNOPSIS OF 


At last a way to keep up with the bewildering pro- 
liferation of new chemotherapeutic drugs which 
have come into use relatively recently. This re- 
cently published guide will be valuable to every 
hospital, and every oncology specialist, general 
internist, clinical pharmacist, and nurse oncolo- 


gist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to” manual. 
Developed originally for staff use at The New York 
Hospital-Cornell Medical Center, the concept proved 
so successful it was decided to make it available to 
other professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 
following for both commercially 
available and investigational 
drugs: 

e Structure 

èe Mechanism of Action 

e Pharmacokinetics 

e Toxicity 

e Therapy 

* Availability 


The chemotherapeutic agents in 

the main listing section cover 

these categories: 

* Alkylating Agents 

* Antimetabolites 

* Mitotic Inhibitors 

* Antibiotics 

* Miscellaneous (includes such 
drugs as Mithramycin, 
Mitotane, etc.) 





RICHARD T. SILVER, MD. FA.CP, FABCO 

Chief, Oncology Service, Div. Hematology-Oncology, 
Clinical Professor of Medicine, Cornell University Medical 
College, Attending Physician, New York Hospital, Exec 
Officer, Cancer & Leukemia Group B. 


R. DAVID LAUPER, Pharm. D. 
Asst. Director for Education and Information, Pharmacy 
Dept., New York Hospital-Cornell Medical Center. 


CHARLES |. JAROWSKI, MD 

Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow. Div. of Hematology-Oncology, 
The New York Hospital 


lp ES aa a ÁÉÁ 
Use it for 30 days—FREE 


Refer to it for chemotherapeuiic: drug information for a full 
month. Then keep the book only if you want it for permanent 
reference. Otherwise simply return it and owe nothing. You 
have nothing to lose and a whole world of valuable life-saving 
knowledge to gain. Order right now! 


| YORKE MEDICAL BOOKS AJC 5/81 
666 Fifth Ave., New York, N.Y. 10103 ` al 
i YES! Please send me a copy of A SYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
i book for 30 days and if not completely satisfied, return it 
for full credit or refund. 
í Lj] Payment enclosed, publisher pays shipping cost. 
| O Bill me plus cost of shipping 
| Charge my credit card, publisher pays shipping 
| cost. O Master Card © VISA 


Card No. Expire Date 


Name 


Address 


City 


New York State residents add applicable sales tax 


Outside Western Hemisphere, add $5.00 per copy. 


State Zip 
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At last, intra-aortic c" 
balloon pumping | / 
without surgery. j Balloon J / 


Datascope introduces 
the PERCOR’ balloon _ 
insertion. 






lliac artery 












Inguinal ring 


For all of its benefits, intra-aortic balloon 
pumping has had one ever-present shortcon 

ing. The balloon had to be inserted and 

removed surgically. 

Femoral The Datascope*PERCOR balloon* puts an 

artery end to all that. 

This remarkably innovative device is easily 
and quickly inserted through the skin, using th 
Seldinger catheterization technique. 

The surgical insertion that used to take 20 to 4 
minutes is now completed without surgery in 
approximately 5 minutes. Further, removal is accom- 
plished in minutes without surgery as well. 
With this new technique, it is apparent that intra-aortic balloo: 
pumping, when indicated, will be used by more medical specialist 
in a wider variety of clinical settings for the benefit of increasing 
| numbers of patients. In the opera 
ing room, the catheterization lab, 
CCU and emergency room. By th 
surgeon, the radiologist, the 
cardiologist. 

We would be pleased to send 
you more information about our 
revolutionary device and to 
schedule a filmed demonstration 
of its use. Call Robert Rewolinski, 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp., 
Dept. #5-S, 580 Winters Avenue, 


PERCOR” balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


The Datascope PERCOR” intra-aortic balloon 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstein, 
Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract published in CIRCULATION, Part II, 
Vol. 60, No. 4, October 1979, PP. II-103. *U.S. and foreign patents pending. b 
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rings you up-to-date 


n basic research 


nd clinical progress 


This rare treatment of such a multifaceted 
subject provides an unusual opportunity for 
the busy clinician to add to his knowledge 
in a minimum amount of time. Any area of 
immediate interest can be rapidly located 
and as much data as needed can be quickly 


Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 


About the author .. . Dean T. Mason, M.D. 


Professor of Medicine, Professor Physiology, Chief of Cardiovascular Medicine, University of California, 
School of Medicine, Davis 


Past President, A American College of Cardiology President, Western Society for r Clinical Research 
Member of the American Board of Internal Medicine Cardiovascular Diseases 


























extracted. The concentration on improved 
clinical management will be appreciated 
by every internist, cardiologist, generalist, 
and any professional involved in cardio- 
vascular medicine. 

Dean Mason, Past President of the Amer- 
ican College of Cardiology, has organized 
this monograph within the three areas rele- 
vant to an understanding of congestive 
heart failure: mechanisms, evaluation and 
treatment. Fifty-six recognized authorities 
have been assembled by Dr. Mason, each 
contributing their expertise to make this 
book the foremost text covering the highly 
important and common disorders of ab- 
normal heart function. 


Has authored more than 400 Original articles on cardiovascular science and clinical cardiology. 


Served on the editorial boards of The American Journal of Cardiology, The Journal of Clinical Investiga- 
tion, Circulation, Chest, Clinical Pharmacology and Therapeutics, Catheterization and Cardiovascular 
Diagnosis, and Heart and Lung. 


Recipient of Experimental Therapeutics Award in 1973 from the American Society of Pharmacology and 
Experimental Therapeutics, the Research Awards in 1965 from the American Therapeutic Society, and 
the Theodore and Susan B. Cummings Humanitarian Awards in 1972, 1973, and 1975 from the U.S. 
State Department and the American College of Cardiology. 

















YORKE MEDICAL BOOKS 666 Fifth Avenue, N.Y., N.Y. 10103 
AJC 5/81 
Please send me a copy of CONGESTIVE HEART FAILURE 
for 30 days free examination and use. If | decide to keep 
it, your invoice will be honored ($35.00 plus shipping 
cost). Otherwise, the book will be returned for full credit 














This presentation of recent advances in or refund. NAME 5 y 
basic research and clinical progress has © Full payment enclosed, publisher absorbs shipping (PLEASE PRINT) 
been highly acclaimed for its major contri- cost. ADDRESS We D 
bution to the improvement of patient care. © Send invoice (U.S. and Canada only) 
We invite you to see if you don't agree. Countries outside Western Hemisphere: $40.00 prepaid CITY — re RA Betas 
Order and take 30 days to look over the in U.S. funds. 
book. If you're not totally satisfied, return it. New York State residents add applicable sales tax. STATE "i PERPE 1 
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signa pad 


does away with the substantial cost 
of old-fashioned foil pouch pads. 
Signa Pad is the ultimate in pre-moistened 
ECG electrode pads — providing great 
convenience as well as economy. 
e Signa Pad my be used with all electrodes 
or single or multi-channel ECG's. 
e Remove Signa Pads one at a time, or as 
many as needed. 
e Signa Pad saves preparation and clean-up time. 
e Signa Pad eliminates residue ouild-up. 
e Signa Pad is antiseptic, bacteriostatic, non- irritating. 
e One-hand pad removal: Signa Pad dispenser is 
mounted for easy use. 
WITH SIGNA PAD, THE COSTS AND INCONVENIENCES OF 
FOIL ARE FOILED FOREVER. 


DARKER LABORATORIES, INC. 





307 Washington St., Orange, N.J. 07050, CALL TOLL FREE 800-631-8888, 201-676-5000 
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OW you can see 


artery disease. 






a routine X-ray 
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This IRS x-ray shows an asynergistic contraction. Systolic 
strips are marked in this image with white dots, clearly 
illustrating normal motion in the basal segment, hypokine- 
sis in the lateral wall and paradoxical motion in the apex. 





able to capture the heart at end diastole and 
end systole during a single cardiac cycle by 
using ECG-gating. The result is a precise 
image that can be used to measure and 
evaluate abnormal heart wall motion, valvu- 
lar defects and shunts. 

Unlike Roentgenkymography, IRS is 
highly sensitive, highly specific and exposes 
the patient to no additional radiation. 


WHERE IS IT USED? 


Brattle's IRS is already in use in hospitals 
and doctors' offices, where it can dramati- 
cally increase the information content of 
routine x-rays at very little cost. : 

In addition to screening, it provides 

n- 








physicians with a simple, no 
invasive method for 
monitoring patients dur- 
ing follow-up examina- sme 
tion or ECG stress I—— 
testing. 


WANT TO LEARN 
MORE? 


Now there is a simple, accurate technique. [- —— — —— — —— — 


for observing and quantifying ventricular wall 
motion abnormalities: the InterGated" 
Radiography System (IRS), from Brattle. 

IRS works with existing x-ray equipment, 
involves no major investment, and requires 
no special training to use. 


HOW DOES IT WORK? 


Brattle's IRS produces a serrated cardiac 
image showing heart motion. The IRS is 


C] Please send reprints on clinical 
use of Brattle's InterGated™ 
Radiography System. 

[ Please contact me to show me some interesting x-rays. 
Name | a 
Specialty s TEN 


Hospital 3235 El is "3 


| 
| 
| 
| 
| Address 
| 
| 
| 





















GIV- State aaa PN MH 
Mund a s o ua AR 


Brattle Instrument Corporation 
ra [$4 243-C Vassar St., Cambridge, MA 02139 
(617) 661-0300, TWX 710-320-0488 


Enos ee RCM n 









Laragh's eagerly awaited new book on the silent killer 


TOPICS IN HYPERTENSION 


High blood pressure is no longer only a problem of world- 
wide interest and relevance. It is now one in which the 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about it in his 
daily practice...and can apply, to an ever-increasing 
extent, more sophisticated and individually tailored 
therapies. 


Laragh's TOPICS IN HYPERTENSION places this kind 
of vital knowledge within instant reach of the physician. 
It presents a carefully selected array of discussions. It 
deals in depth with recent breakthroughs in understand- 
ing, diagnosing, and treating this problem. 


This book is conveniently organized for effective consul- 
tation and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


* Section 2 deals with new physiologic approaches to 
diagnosis. 


* Section 3 discusses new perceptions of the clinical and 
prognostic aspects of hypertension. 


* Section 4 considers in detail the more recently intro- 
duced modes of therapy. These new agents presage the 
beginning of a new era of more selective and specific 
therapy for increasing numbers of patients. 





Edited by 


pasi John H. Laragh, MD 


The Cardiovascular Center Chief, 
Cardiology Division The New York 
Hospital-Cornell Medical Center 
644 pages. 36 chapters by 85 inter- 
nationally known specialists. Hlus- 
trated. Comprehensively indexed. 


$49.00. Available on 30-day approval. 
pe um mm mm mm mm s UNE UNE NEN GEN UND ANO NN ee NEN EN NND UND NO 
AJC 5/81 


YORKE MEDICAL BOOKS 
666 Fifth Avenue * New York, NY 10103 


Send me, on approval, copies of Laragh's TOPICS 
IN HYPERTENSION at $49.00. | will consult and read this new 
manual for 30 days, then remit only if | consider it a necessary 
addition to my library. Otherwise I will return it without further 
obligation. 

Send bill, plus shipping cost. 


Payment herewith. Publisher pays shipping. Same return privilege 


Charge my MasterCard Visa 
Card No Exp. date 
Name 
Address 
City State Zip 


Please add Sales Tax in N.Y. State. Outside Western Hemisphere 
price is $57.00 and prepayment or credit card number is required 
Thank you 


m EE EE NE RE EN NR E E E UR E E E E E E E mw wd 


Danger: 


PVC's dont sleep! 


In a study of patients with coronary artery disease, 


25 percent showed an increase in PVC's during sleep. 


Master Professor of Medicine Director, 














THE YORKE MEDICAL GROUP now offers 
hospitals, schools and institutions the 
opportunity to reach a selected audience 
through any of our four medical journals. 





RATES: CONTACT: 
$75 per column inch plus Margy Hisen 
$50 typesetting charge YORKE MEDICAL GROUP 
NON-COMMISSIONABLE 666 Fifth Avenue 

New York, NY 10103 
SIZE: 212-489-5768 


Minimum, 3 3/8" x 1" 
CUTIS è THE AMERICAN JOURNAL 


DEADLINE: OF CARDIOLOGY è THE AMERICAN 
si JOURNAL OF MEDICINE è THE AMERICAN 
1st of month preceding JOURNAL OF SURGERY 


publication date. 
Typesetting requires 
additional week. 


FREQUENCY: Technical Publishing 


Monthly DE Mg ei ein ct Corporation 





To reduce the risk of potentially fatal 
arrhythmias in patients with compromised hearts 
324 mg 


QuinagI 
uinaglute........ 


(eua eas gluconate] Bi Practical b.i.d. or t.i.d. dosage 
protects night and day 


E Less frequent administration 
helps improve patient 
compliance and thus helps 
assure needed round-the-cloc 
protection.’ 


References: |. Schroeder, J.S.: Emergency Medicine 12: 34 
(Feb. 15).1980. 2. town, B', in Lown, B., and Segal, J 
Modern Medicine 46:60 (Sept. 30-Oct. 15) 1978. 


Please turn page for brief summary of prescribing information. 


B zi L Laboratories Inc: 
Cedar Knolls, New Jersey 07927 





Danger: , 
PVC's dont sleep! 


Quinaglute 


(quinidine gluconate) 


CONTRAINDICATIONS: 

Aberrant impulses and abnormal rhythms due 
to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart block, or intra- 
ventricular conduction defects, especially 
those exhibiting a marked grade of QRS 
widening. 

Renal disease resulting in significant 
azotemia, or those developing cardiotoxic 
effects such as conduction defects, ventricular 
premature beats, ventricular tachycardia or 
flutter while on the drug. 

Marked cardiac enlargement, particularly 
with congestive failure, poor renal function, 
and especially renal tubular acidosis. 

Idiosyncrasy or hypersensitivity to quinidine. 
WARNINGS: 

In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive 
reduction in the degree of A-V block to a 1:1 
ratio resulting in an extremely rapid ventricular 
rate. 

PRECAUTIONS: 

The precautions to be observed include all 
those applicable to quinidine. A preliminary 
test dose of a single tablet of quinidine sulfate 
should be administered to determine if the pa- 
tient has an idiosyncrasy to quinidine. Hyper- 
sensitivity to quinidine, although rare, should 
constantly be considered, especially during the 
first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart, therefore, ex- 
treme caution should be exercised in using the 
drug in patients with severe heart disease, hy- 
potension or digitalis intoxication. The poten- 
tial disadvantages and benefits must be 
weighed. 

It should be administered cautiously, if at all, 
to senile patients. 

Hospitalization for close clinical observation, 
electrocardiographic monitoring, and possibly 
plasma quinidine levels is indicated when large 
doses are used or with patients who present an 
increased risk. 

ADVERSE REACTIONS: 

Symptoms of cinchonism, ringing in ears, head- 
ache, nausea, disturbed vision may appear in 
sensitive patients after a single dose of the 
drug. 

Cardiovascular: Widening of QRS complex, 
cardiac asystole, ventricular ectopic beats, idio- 
ventricular rhythms including ventricular 
tachycardia and fibrillation, paradoxical 
tachycardia, arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, abdomi- 
nal pain, diarrhea. 

Hematologic: Acute hemolytic anemia, nypo- 
prothrombinemia, thrombocytopenic purpura, 
agranulocytosis. 

Central Nervous System: Headache, fever, 
vertigo, apprehension, excitement, confusion, 
delirium and syncope, disturbed hearing (tin- 
nitus, decreased auditory acuity), disturbed vi- 
sion (mydriasis, blurred vision, disturbed color 
perception, reduced vision fields, photophobia, 
diplopia, night blindness, scotomata), optic 
neuritis. 

Dermatologic: Cutaneous flushing with in- 
tense pruritus. 

Hypersensitivity Reactions: Angioedema, 
acute asthmatic episode, vascular collapse, res- 
piratory arrest. 

See package insert for full information. 


BE RLEX Laboratories Inc. 
Cedar Knolls, New Jersey 07927 





RA-TABS® 


CLASSIFIED 





Established charter yacht business is now available in the 
beautiful Virgin Islands. Excellent investment. Superb condition 
and equipment. World cruising capability. For details, write: My 
Personal Charter, 6520 Powers Ferry Road, Suite 200, Atlanta, 
GA 30339. 


CARDIOLOGIST TO JOIN YOUNG MULTISPECIALTY 
GROUP IN NEW FACILITIES IN GROWING CHICAGO 
SUBURB. FOR SALARY AND BENEFITS INFORMATION 
CONTACT R. FINN COLLECT 815/725-4631. 





| WANT 


FASTER SERVICE? 
If you . . . Change your Address? 


. . . Need Information? 


Attach your present' address label below 


J 


AFFIX LABEL 


If you have a new address please print it below. 
You MUST include your ZIP code. Post Office I 
rules will not permit us to send your magazine to 

you without it. l 


ia l 
NA 
! 


(an ipsi RR qii eliam 


i 
i 
i 
CITY/STATE/ZIP 


Clip this entire form and attach it to any other 
S CAD RE you may have for us and mail 


| 
Í 
i 
i 
| 
i 
American Journal of Surgery j 
Yorke Medical Journals j 
Circulation Department i 
666 Fifth Avenue, New York, N.Y. 10103 | 
1 

l 

l 

e 


. Technical Publishing 


UM lr cónonaon 





B .. dP YOU : 
PA IENT 
EDUCATION 


Order from 
Pritchett & Hull 


Explanations of coronary artery disease, angina pectoris, acute myocardial 
infarction or congestive heart failure can be very confusing to the average 
patient This is why Pritchett & Hull patient education books are so 
important. The clear illustrations and concise texts help you explain 
complicated medical conditions. This leaves your patients feeling good 
about themselves and good about you. You can even personalize the 
material by using the ample space throughout each book to write in your 
special instructions about diet, medications or exercise, for example. 
Pritchett & Hull patient education books are for adult patients, and the 
reading level is that of an average, popular magazine. At present, these What's ahead? 
materials are used by hospitals, clinics and private practice physicians 
throughout the U.S. and in many foreign countries. Current titles include: 





AR MOUINE 
S RUC HT, 
ALONG 





43.3.7 
32.433.J 7 


HEART ATTACK 


ANGINA 
MOVING RIGHT ALONG AFTER OPEN HEART th e PECTORIS 


SURGERY 
(Reviews by-pass surgery, valvular surgery, ASD repair) Also available in sensuous 


Spanish. 
HEART ATTACK, WHAT’ S AHEAD? 


(Discusses AMI from hospitalization to recovery at home) Available in 
Spanish May 1, 1981. 


ANGINA PECTORIS 


(Reviews risk factors for coronary artery disease, use of NTG; mentions 
potential for by-pass surgery) 


THE SENSUOUS HEART 
(Guidelines for sex after AMI) 
A STRONGER PUMP 


(Treatment for congestive heart failure explained in terms of rest, 
diet and medications) 


HIGH BLOOD PRESSURE REVIEW 


(For patients with essential hypertension. Includes information on diet, 
smoking, exercise and relaxation) 





High 

Blood 

Pressure 
review 


Beef up your patient teaching. WRITE PRITCHETT 
& HULL ASSOCIATES, INC., 2122 Faulkner 
Rd. N.E., Atlanta, Georgia 30324 for our free 
newspaper catalog or order a Sample Pack B of the 
above 6 books and include a check or money order for 
$18.00 (+ sales tax if a Georgia resident). 





8% x 11 paperbacks 


CARDI®LOCY: 19381 


The New Annual providing a multidisciplinary approach 
to the latest, most important information on the state- 
of-the-art of cardiovascular medicine and surgery 












ten by 
.* William C. Roberts, M.D. . . ° + Mary Allen n Engle, M.D. 
_ Chief, Pathology Branch/National Heart, Stavros Niarchos Professor of Pediatric 
Lung & Blood Institute/National Institutes of — Cardiology/Director of Pediatric Cardiology/ N a J 
Health/and Clinical Professor of Pathology The New York eee erat picis d Cardio ogv 
& Medicine (Cardiology )/Georgetown — 2 Medical College — Boren E R 
3 tiii iid of Medicine — 1981 
ue E | iz p 
! Dean T. Mason, M. D. e * Lawrence H. Cohn, M. D. : WILLIAM C. ROBERTS, MD 
_ Professor of Medicine & Physiology . Professor of Surgery/Harvard Medical — DEAN T. MASON, MP 
... Chief, Section of Cardiovascular Medicine/ - School/Department of Surgery/Division o of MARY ALLEN ENGLE: MD 
. University of California at Davis . Thoracic & Cardiac Sur gery/Brigham & LAWRENCE H. COHN, MD 


x School of Medicine Ne | Tue — 


| ISBN 0-914316-22-2 appx. 400 Pp. . 
ap June 1981, $39.50 ISSN 0275-0066 | | ; vORKE MEDI 


CAL BOOKS 


What is CARDIOLOGY: 1981? CARDIOLOGY: 1981 provides in a concise and readable 
€ The first in an annual series to be published in the format and style fundamental and new information essential 
SPRING each year to understanding the current thinking on managing 
e A fth Vard ti cardiovascular disease. It coordinates what's new with well- 
TOVON OT Ip ome ae ere ES Important established data, arming the reader with a perspective on 
developments in cardiology —452 papers the field which is simply unavailable elsewhere. Its liberal 
€ A multidisciplinary approach to clinical and applied use of illustrations and original tables condenses valuable 
research based on an exhaustive search of the year's information into instantly understandable knowledge. 
literature . ; 
€ A unique, cohesive summary of the state-of-the-art, Table of Contents in brief 
written, not edited, by those making outstanding 1. Coronary Heart Disease: General Aspects 
developments in the field 2. Acute Myocardial Infarction 
BA , 3. Cardiac Arrest and Arrhythmias 
practical approach to a complicated and fast-moving i , 
subject designed to be read and used daily A OMS pean 
5. Valvular Heart Disease 
CARDIOLOGY: 1981 is NOT 6. Myocardial Heart Disease 
€ A collection of unrelated reviews 7: Gongonital Feast Diacase i 
i 8. Drugs for Congestive Heart Failure 
€ An abstracting service 9. Echocardiography: Miscellaneous Topics 
€ A rehash of materials readily available elsewhere 10. Related Topics 
uS "tt s rea Goons, 666 Fifth Avenue, Now York NY 10108 mac yer, 
SPECIAL ES Yorke Medical Books, 666 Fifth Avenue, New York, NY 10103 AJC 5/81 
b DISCOUNT OFFER peel O Please send me a copy of the first edition at the full price of $39.50. | do not wish to 
= place a standing order. 


Place a standing order to receive 

i -éach edition of CARDIOLOGY: 1981 O Enclosed is my check for. 1. ^  . Yorke pays postage and handling. 

. on 30 day approval and receive a (Same return privilege) 

10% discount on the first and all (New York residents add appropriate sales tax. Add $5.00 for orders outside the U.S. and Canada) 
| future editions. 

O Please bill my O VISA O MasterCard (same return privilege) 


D YES, please enter my sandin Exp, datë LLa O No. 68 IM amerbank No. 
: vicina assent LJ Please bill me plus postage and handling (U.S. and Canadian orders only) 
 lished once a year) will be auto- | 
matically shipped to me on 30 day Name 
. approval, and | will receive a 10% 

discount on the first and all future "MM 
. editions. (First edition se os price 
$35.55) 





WG o Po pem —————————— Á—————————— 
"n BB BE BE EE BE EE EE NEN NEN NN NN EE IM EE EE SE NUM EUN BEND UD LEN END UL 


A42^ 





DIAGNOSTIC SHELF 





Termination of Circus Movement Tachycardia Utilizing an 
Accessory Atrioventricular Pathway by Retrograde Concealed 
Penetration of the Atrioventricular Node Through the 


Bundle Branch System 


A Mechanism of Tachycardia Termination in 


Wolff-Parkinson-White Syndrome 


DAVID L. ROSS, MB, BS, FRACP*t 
ISAAC WIENER, MD, FACC 
JERONIMO FARRE, MD: 

FRITS W. H. M. BAR, MD 

EDDY J. D. M. VANAGT, MD 

HEIN J. J. WELLENS, MD, FACC 


Maastricht, The Netherlands 


From the Department of Cardiology, University of 
Limburg, Annadal Hospital, Maastricht, The 
Netherlands. Manuscript received November 5, 
1980, accepted December 18, 1980. 

* Dr. Ross was supported by the National Heart 
Foundation of Australia, Canberra, Australia. 

t Dr. Farre was supported by the Fundacion 
Conchita Rabago de Jimenez Diaz, Madrid, 
Spain. 

' Present address and address for reprints: 
David L. Ross, MD, Division of Cardiology, Stan- 
ford University Medical Center, Stanford, California 
94305. 


A 30 year old woman with Wolff-Parkinson-White syndrome underwei 
electrophysiologic study for investigation of circus movement tachycard 
utilizing the accessory pathway for retrograde conduction. The accessoi 
pathway was located on the right side. Episodes of circus movemei 
tachycardia with left and right bundle branch block were induced. Som 
episodes of circus movement tachycardia with left bundle branch bloc 
terminated spontaneously. Two episodes of spontaneous termination ; 
the level of the atrioventricular (A-V) node were preceded by prolongatic 
of the H-V interval causing delay in atrial activation. This delayed atri. 
cycle was then followed paradoxically by spontaneous termination of th 
tachycardia in the A-V node. A similar phenomenon could be demoi 
strated reproducibly with single echo beats induced by coronary sint 
extrastimuli. It appears that retrograde concealed penetration of the A- 
node through the bundle branch system during anterograde left bundl 
branch block is the most likely mechanism for this phenomenon. 


Spontaneous termination of circus movement tachycardia utilizing 2 
accessory pathway is common and may be due to multiple mechanisms 
In this report we describe an unusual case of spontaneous terminatic 
of circus movement tachycardia by block in the atrioventricular (A-\ 
node. We postulate retrograde concealed penetration of the atriovei 
tricular node through the left bundle branch during circus movemer 
tachycardia as the mechanism of this phenomenon. 


Methods 


A 30 year old woman with Wolff-Parkinson-White syndrome, type B unde 
went electrophysiologic study for investigation of previously documented circt 
movement tachycardia. Informed consent was obtained, and administration « 
all antiarrhythmic drugs was stopped at least five half-lives before the invest 
gation. 

Our protocol for electrophysiologic study has previously been described 
After induction of circus movement tachycardia the effects of programmed rig] 
atrial, coronary sinus and right ventricular premature beats were tested by i1 
troducing stimuli late in the tachycardia cygle, and then at increasing prem: 
turity until the effective refractory period of the site of stimulation was reachec 
When bundle branch block aberrancy occurred, the effect of programmed ven 
tricular beats was tested to determine the mechanism of aberrant conduction. 
Simultaneous recordings of surface electrocardiographic leads (I, IT, III, V; am 
Vg) and intracardiac electrograms (high right atrium, coronary sinus and Hi 
bundle) were obtained during all episodes of circus movement tachycardia a 
a paper speed of 100 mm/s. 
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Results 


Induced circus movement tachycardia: The basic con- 
duction intervals during sinus rhythm with a cycle length of 
. 750 ms were: P-A 35 ms; A-H 100 ms; and H-delta 15 ms. 
. Other routine data obtained during the electrophysiologic 
study are summarized in Table I. Circus movement tachy- 
cardia using an accessory pathway could be induced with 
- single premature beats during pacing of the coronary sinus 
. (Table I). The QRS complex during tachycardia had either 
a right or a left bundle branch block configuration. No epi- 
. sodes of tachycardia with a normal QRS configuration oc- 
curred. During tachycardia with right bundle branch block 
_ of cycle length 330 ms, the H-V interval was 50 ms and the V-A 
interval 160 ms (compared with a V-A interval of 120 ms 
during tachycardia with left bundle branch block) (Fig. 1). 
During tachycardia, the atrial sequence and V-A interval 
prolongation with right bundle branch block indicated a 
right-sided accessory pathway. When programmed ventricular 
beats were given during circus movement tachycardia with 
left bundle branch block, they always terminated tachycardia 
by block in the accessory pathway, even at the latest possible 
coupling interval. All episodes of circus movement tachycardia 
with right bundle branch block terminated spontaneously in 
less than 11 seconds, preventing adequate study of the effects 
. of premature beats on the mechanisms of aberrancy. There- 
fore, during circus movement tachycardia the effect of induced 
- atrial and ventricular premature beats on aberrancy could not 
be studied. 

Spontaneous termination of cireus movement tachy- 
cardia: There were nine episodes of spontaneous termination 
of tachycardia. The site of block in the tachycardia circuit was 
carefully determined by analyzing the sequence of events in 
the intracavitary recordings. Block in the accessory pathway 
(diagnosed by observing termination of tachycardia by a QRS 
complex not followed by atrial activation over the accessory 
pathway) was seen three times. Twice it occurred suddenly, 
without any preceding change during tachycardia; once, cycle 
length alternation in A-H interval preceded termination of 








TABLE | 
Basic Data Obtained at Electrophysiologic Study 
Site HRA HRA CS CS 
Atrial stimulation 
BCL 550 500 550 500 
A-H min 110 115 80 110 
A-H max 130 140 110 115 
AERP 230 220 240 250 
AP anterograde ERP 300 310 325 310 
A-V nodal ERP 300*  310* 310 310* 
A-V nodal FRP 340 350 350 340 
CMT echo zone — — 310-325 -— 
Ventricular stimulation 
BCL 550 500 
VERP 250 240 
AP retrograde ERP <ERP ventricle <ERP ventricle 
CMT echo zone 300! — 


* The His spike could be identified within the ventricular electrogram 
of the induced premature beats. Thus,et could be determined that the 
effective refractory period of the A-V node was identical to that of the 
accessory pathway. t Echoes occurred at only one coupling in- 
terval. 

AERP = atrial effective refractory period; A-H max = maximal A-H 
interval with induced atrial premature beats; A-H min — A-H interval 
during driven rhythm; AP — a pathway; A-V = atrioventricular; 
BCL = basic cycle length; CMT = circus movement tachycardia; CS 
= coronary sinus; ERP = effective refractory period; FRP = functional 
refractory period; HRA = high right atrium; VERP = ventricular effective 
refractory period. All values are in milliseconds. 


tachycardia with block occurring after a short cycle. Block in 
the His-Purkinje system (diagnosed by observing termination 
of tachycardia with a His bundle electrogram not followed by 
a QRS complex) also occurred three times. Block was always 
preceded by cycle length alternation in the H-V interval and 
always occurred after a short cycle. Spontaneous block in the 
A-V node (diagnosed as termination of tachycardia by an 
atrial complex not conducted to the His bundle) also occurred 
three times. Once, termination was preceded by cycle length 
alternation in the A-H interval, with block occurring after a 
short atrial cycle. During two episodes, cycle length alternation 
occurred in the H-V interval. When a critical H-V interval of 
220 ms was reached (Fig. 1), tachycardia terminated in the 
next cycle by block in the A-V node. This finding seems par- 
adoxical because delay of atrial activation after the increase 
in the H-V interval would be expected to facilitate conduction 
in the A-V node. A similar phenomenon was demonstrated 
reproducibly during induction of atrial echoes over the ac- 
cessory pathway by stimulation of the coronary sinus (Fig. 2). 
A critical delay in the H-V interval (220 to 230 ms) during a 
conducted beat showing left bundle branch block was again 
required before block of the reentrant impulse occurred in the 
A-V node. Spontaneous block occurring in the A-V node in 
this way occurred only after beats with left bundle branch 
block. 

The events observed in Figures 1 and 2 can be explained 
in the following way: During circus movement tachycardia 
left bundle branch block is based on retrograde concealed 
penetration into the left bundle branch (Fig. 3, A and B). To 
maintain left bundle branch block during tachycardia a crit- 
ical time relation between anterograde and retrograde pene- 
tration of the left bundle branch is required (Fig. 3B). When 
marked slowing occurs in conduction over the right bundle 
branch (with an H-V interval of 220 ms), there is delay in 
retrograde penetration of the left bundle branch and delay in 
retrograde activation of the atria over the accessory pathway 
(Fig. 3C). When a critical delay in right bundle branch con- 
duction occurs (a critical H-V interval) the reentrant impulse 
in the left bundle branch may find the proximal tissues non- 
refractory, allowing it to enter the His bundle and A-V node 
in retrograde fashion (Fig. 3D). This impulse collides with the 
anterograde tachycardia wave front in the A-V node (or upper 
His bundle) and terminates tachycardia (Fig. 3D). The 
reentrant impulse from the left bundle branch finds the right 
bundle branch refractory and therefore fails to reactivate the 
ventricles (Fig. 3D). If this impulse had been conducted, 
tachycardia would probably have continued. 


Discussion 


Retrograde concealed penetration of the blocked 
left bundle branch: This case illustrates an unusual 
and interesting mechanism of spontaneous termination 
of tachycardia utilizing an accessory pathway. On at 
least five occasions (twice in tachycardia and three times 
with extrastimulus testing), termination of the tachy- 
cardia cycle occurred spontaneously at the level of the 
A-V node after a delay in atrial activation. This termi- 
nation appeared to require a critical degree of H-V 
prolongation during left bundle branch block in the 
preceding cycle. Delay in atrial activation alone would 
be expected to facilitate A-V nodal conduction. We 
believe that these two events were related in the manner 
outlined under Results and in Figure 3. Aberrant con- 
duction during circus movement tachycardia utilizing 
an accessory pathway is not uncommon. Previous in- 
vestigators have postulated retrograde concealed pen- 
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FIGURE 1. Surface electrocardiographic leads |, II, III, V; and Vg and high right atrial (HRA), coronary sinus (CS) and His bundle (His) electrograms 


are shown. Circus movement tachycardia utilizing a right-sided accessory pathway is present. Atrial activation is earliest in the His bundle lead. 
Cycle length alternation of tachycardia due to H-V alternation is present together with left bundle branch block aberrancy (QRS width — 125 ms). 
Note that minor QRS alternation also occurs. The last beat of tachycardia shows an extra long H-V interval with consequent delay in atrial activation. 
After this long atrial cycle the tachycardia terminates in the atrioventricular node. 


etration of the blocked bundle branch as a mechanism 
for maintaining aberrancy,?-?? and it appears to be a 
common mechanism of sustained aberrancy in this type 
of tachycardia.? 

We believe in our patient that retrograde concealed 
penetration of the left bundle branch was occurring 
during left bundle branch block. Unfortunately, we 
could not demonstrate disappearance of left bundle 
branch block during tachycardia by a critically timed 
premature beat^ to prove that retrograde invasion into 
the left bundle was responsible for left bundle branch 
block during tachycardia. However, the shorter cycle 
length during circus movement tachycardia with right 
bundle branch block compared with that during left 
bundle branch block (330 versus 360 to 380 ms) dem- 
onstrates that the left bundle branch could resume 
conduction at shorter cycle lengths. This excludes the 
possibility that left bundle branch block was based 
solely on a tachycardia-dependent or phase 3 block.® In 
our recordings, no retrograde His bundle activity was 
identified when the reentrant impulse from the left 
bundle branch reached the His bundle. This finding was 
probably due to retrograde His bundle activity con- 
cealed within the ventricular electrogram (Akhtar et al.9 
demonstrated that retrograde His bundle activity rarely 
appears at long coupling intervals of ventricular pre- 
mature beats). The V-V intervals in our case were in 
excess of 420 ms. 

In open chest dogs, Moe et al.* observed “His bundle 
echoes" (with conduction to the atrium) after functional 
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right bundle branch block during extrastimulus testing 
and suggested retrograde concealed penetration of the 
right bundle branch with reentry back to the His bundle 
and A-V node as the mechanism. Akhtar et al.!° ob- 
served A-V nodal echoes in human beings after bundle 
branch reentry with a left bundle branch block config- 
uration, and in subsequent work? demonstrated that the 
route of bundle branch reentry of a left bundle branch 
block type involved retrograde penetration of the left 
bundle branch with reentry into the His bundle. The 
mechanism we postulate in our case is in accordance 
with the aforementioned work. 

Other possible mechanisms for termination of 
tachycardia: There are other possible explanations for 
the observations made in this case. These include: 

Intra-His bundle reentry. This mechanism cannot 
be definitely excluded; however, there was no evidence 
of intra-His bundle delay in our recordings. 

A chance occurrence or random variation in auto- 
nomic tone. Because our findings were reproducible on 
extrastimulus testing, and always required achievement 
of a critical H-V interval, a chance or random event 
seems unlikely. ° 

Concealed intranodal reentry. Cycle length alter- 
nation in the A-H interval during tachycardia did occur 
in this case, but not to the degree that occurs with uti- 
lization of dual A-V nodal pathways. Single extrastim- 
ulus testing and rapid pacing did not reveal any evi- 
dence of dual A-V nodal pathways: If this mechanism 
was operative, it would require simultaneous intranodal 
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reentry with retrograde conduction over the slow nodal 
pathway (an unusual occurrence) such that it reached 
the upper common nodal pathway at or after atrial ex- 
citation over the accessory pathway, and then failed to 
conduct in anterograde fashion over the fast nodal 


intranodal reentrant cycle should have conducted in 
anterograde manner. For these reasons it does not seem 
a likely mechanism. 

Block in the His-Purkinje system. Block at this level 
with a His spike of such low amplitude and frequency 


pathway. Because the atrial cycle was prolonged, an that it could not be detected in the His bundle electro- 
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FIGURE 2. All panels show surface electrocardiographic leads |, Il and V , and intracardiac electrograms as in Figure 1 with the addition of electrograms 
recorded from the pulmonary artery (PA). The left atrium is being paced from the coronary sinus at a basic cycle length (BCL) of 550 ms. In panel 
A, a premature impulse is delivered at a coupling interval of 330 ms and conducts to the ventricles with an increase in preexcitation compared 
with that in the basic beats. In panel Bga premature impulse 5 ms earlier is blocked in the accessory pathway but conducts over the normal pathway 
with a long H-V interval and left bundle branch block aberrancy. An atrial echo occurs due to retrograde conduction over the accessory pathway, 
and subsequently conducts in anterograde manner through the atrioventricular (A-V) node but is blocked in the His-Purkinje system distal to the 
His bundle. In panel C, a premature impulse 5 ms earlier is blocked in the accessory pathway but conducts over the normal pathway with left bundle 
branch block and an even longer H-V interval than in panel B. Again an atrial echo occurs due to retrograde conduction over the accessory pathway. 
Although this atrial echo has a coupling interval 30 ms longer than the interval in panel B, it is paradoxically blocked in anterograde manner in the 
A-V node, reproducing the situation shown in Figure 1. In panel D, an earlier coronary sinus premature impulse is blocked in the accessory pathway 
but conducts over the A-V node. Anterograde conduction is then blocked in the His-Purkinje system distal to the His bundle after an H-H interval 
of 340 ms. The phenomena recorded in these panels were reproducible. All V-A intervals for echoes after a beat with a left bundle branch pattern 
were 120 ms. 
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gram could simulate A-V nodal block. Because good His 
bundle electrograms were recorded in our case, this 
explanation seems unlikely. 

Block in the A-V node. Because the A-V node may 
have some Purkinje-like properties, long cycles could 
block in the A-V node. This explanation, too, would be 
unusual. 

Implications: Thus, two reentrant circuits were 
present in the same heart. Sustained full cycle reentry 
in one circuit caused sustained tachycardia. The other 
circuit maintaining left bundle branch block consis- 
tently failed to complete a full cycle, yet was renewed 
each beat by the tachycardia cycle. Delay in a common 
component of both circuits (the right bundle branch) 
permitted the second circuit to complete its cycle for the 
first time, thereby causing termination of tachycardia. 
Failure of bundle branch reentry to complete more than 
one cycle and reactivate the ventricles ensured termi- 
nation of tachycardia. The clue to this mechanism was 
parodoxical block in the A-V node after a long cycle. 
'This complex mechanism of spontaneous termination 
of circus movement tachycardia illustrates several basic 
facets of this type of tachycardia: the dynamic nature 
of the tachycardia circuit; the active mechanism of 
sustained aberration in tachycardia; and the critical 
timing of electrophysiologic events required for main- 
tenance of tachycardia and aberrant conduction. 
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FIGURE 3. Schematic diagrams showing the tachycardia circuit and 
the postulated mechanisms leading to retrograde concealed penetration 
of the atrioventricular node (AVN) through the left bundle branch (LBB) 
with consequent termination of tachycardia. See text for detailed ex- 
planation. AP = accessory pathway; HIS = His bundle; RBB = right 
bundle branch. 
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|. LETTERS TO THE EDITOR 








CORONARY SPASM AND CORONARY ARTERY 
DISEASE—I 


Marzilli and colleagues! recently proposed that coronary 
spasm might cause coronary artery disease. This possibility 
was advanced earlier by me,? because it seemed reasonable 
that repeated episodes of spasm could cause arteriosclerosis 
by vascular injury. Maseri et al.? had shown that a majority 
of attacks of spasm could be asymptomatic, suggesting that 
spasm occurs more frequently than is generally recognized and 
that type A personalities, who have a greater incidence of 
myocardial infarction—and presumably spasm—have 
prominent coronary arteriosclerosis.4 

I have also been interested in three other possible spasm/ 
coronary arterial mechanisms. The second is the spastic origin 
of coronary arterial thrombosis, which has been attributed to 
the status of spasm?-? and to rupture of intimal plaques by 
spasm.?:7^8 i 

"The third proposed mechanism is the development of 
spasm secondary to coronary artery disease. It is generally 
believed that spasm and coronary arteriosclerosis act inde- 
pendently to cause symptoms, with the latter operating 
through relative insufficiency.? However, if coronary artery 
disease is regarded as the underlying, and spasm as the im- 
mediate, cause of symptoms, it is reasonable that in some 
fashion coronary arteriosclerosis results in spasm. Figure 1 
illustrates this paradigm for acute myocardial infarction. Oliva 
and Breckinridge!? suggested that release of platelet vaso- 
constrictors in sclerotic coronary arteries might cause spasm, 
and I?.? proposed that myocardial injury due to severe 
ischemia consequent to coronary artery disease could induce 
an injury-spasm reaction in small coronary arteries (with 
spasm of epicardial arteries a secondary event). 

The fourth possible mechanism is the spastic origin of no 
reflow, the phenomenon of reduced blood flow through acutely 
infarcted tissue. I?9.!! also attributed stasis during infarction 
to injury-spasm of small mural arteries, although in this case 
spasm is due to the overt tissue injury of infarction, rather 
than to the subnecrotic injury of severe ischemia. This con- 
struction emphasizes that the myocardium and its intrinsic 
vasculature may play an active role during the infarctive 
process, and this may be of importance in preventing infarct 
extension. 

All four proposed mechanisms have major pathogenetic and 
therapeutic implications, and there is information, although 
scanty, in favor of these positions. Maseri and colleagues have 
provided angiographic evidence for the spastic cause of cor- 
onary artery disease! and thrombosis, and the arteriosclerotic 
origin of spasm has support from studies that show spasm with 


CAD -> 


AMI 
SPASM = AMI 
CAD + SPASM 


FIGURE 1. If coronary artery disease (CAD) is the underlying cause of acute myocardial 
infarction (AMI), and coronary spasm initiates acute infarction, then coronary artery disease 
might cause spasm. 
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severe ischemia.!?-!^ Also, there is evidence for the spastic 
cause of no reflow." 


H. Richard Hellstrom, MD 

Departments of Pathology 

Veterans Administration Medical Center 
and 

State University of New York 

Upstate Medical Center 
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CORONARY SPASM AND CORONARY ARTERY 
DISEASE —II 


In their provocative study of patients with ischemic heart 
disease, Marzilli et al. postulate an evolutionary relationship 
between coronary arterial spasm and fixed coronary athero- 
sclerosis. They present a single illustrative case (described by 
Lown in an accompanying editorial as “. . . too spindly a reed 
of an argument to support this weighty hypothesis!). We 
present a case that further validates their theory: 

Case report: In 1965, a 42 year old white man began to 
suffer from substernal pressure that occurred more often at 
rest than with exertion. There was no prior history of heart 
disease. Risk factors for coronary atherosclerosis included an 
elevated cholesterol level, heavy cigarette smoking and a 
family history of atherosclerotic heart disease. An exercise test 
was interpreted as positive for ischemia and the patient was 
referred for diagnostic coronary angiography. 

On March 29, 1965 he underwent venous and retrograde 
arterial catheterization with selective coronary arteriography. 
Hemodynamic measurements revealed mild pulmonary hy- 
pertension and an elevated left ventricular end-diastolic 
pressure; cardiac index was within normal limits. During the 
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FIGURE 1. Two severely narrowed segments are observed after injection into the right 
coronary artery. 


initial selective right coronary arterial injection, hypotension 
occurred, the patient complained of severe chest pain, and the 
electrocardiogram exhibited S- T segment elevations in leads 
II, III and aVF. Two segments of symmetric narrowing in the 
right coronary artery were observed, one in the proximal third 
of the artery at the origin of the acute marginal branch and 
the other in the posterior descending branch (Fig. 1). After 
administration of 0.4 mg of nitroglycerin sublingually, the 
patient's pain resolved and the electrocardiogram returned 
to baseline. A second right coronary injection was then per- 
formed, and cineangiography exhibited only slight luminal 
irregularities, with disappearance of the previously noted 
segmental narrowing (Fig. 2). The left coronary artery was 
normal. Spasm was interpreted to be the cause of the transient 
obstructions of the right coronary artery. 

The patient resumed full activity after prescription of 
long-acting nitrates, and had only one episode of chest pain 
in the subsequent 13 years. Three months before the second 
admission he had a prolonged episode of chest pain that was 
attributed to “coronary insufficiency." After a bicycle er- 
gometer exercise test showed striking ischemic S- T segment 
changes, he was referred for a repeated catheterization in 
September 1978. The hemodynamic findings were essentially 
unchanged from those of the first catheterization. However, 
fluoroscopy revealed calcification of both coronary arteries. 
Although left ventriculography demonstrated good overall left 
ventricular contractility, akinesia of the posterior basal seg- 
ment was observed. Selective left and right coronary angiog- 
raphy performed after the administration of isosorbide dini- 
trate, 5 mg, and nitroglycerin, 0.3 mg sublingually, now re- 
vealed severe fixed obstructive lesions throughout the length 
of all three coronary arteries. Of particular note was the 
demonstration of a subtotal obstruction in the distal right 
coronary artery in precisely the location where spasm had 
occurred 13 years earlier (Fig. 3). 

Several investigators have concluded that the syndrome of 
ischemic chest pain and normal coronary arteries has a rela- 
tively benign outcome.?? However, the follow-up period of 
these patients, has been relatively short. The observation of 
severe triple vessel disease in our patient 13 years after the 
demonstration of spasm with normal coronary arteries serves 
to emphasize that prognostication in patients with coronary 
spasm and normal angiograms cannot be projected beyond 
a short follow-up period. Longer follow-up is required to shed 
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FIGURE 2. After administration of nitroglycerin, a repeated right coronary angiogram 
demonstrates complete resolution of the obstructed segments. 





* 


FIGURE 3. Right coronary angiogram 13 years later. There is severe, fixed atherosclerotic 
narrowing precisely in the area where spasm was seen 13 years earlier. 


more light on the ultimate outcome of this syndrome, as well 
as the relation between coronary spasm and coronary ath- 
erosclerosis. 
Lawrence J. Jacobs, MD, FACC 
Leonard S. Sommer, MD, FACC 
Department of Medicine 
Division of Cardiology 
University of Miami 
School of Medicine 
* Miami, Florida 
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CORONARY SPASM AND CORONARY ARTERY 
DISEASE—III 


- Marzilli and his colleagues have proposed “that a single dis- 
. ease process of the coronary smooth muscle manifests earlier 
as an abnormal function causing vasospasm, and then pro- 
_ gresses to the development of atherosclerotic plaques and 
organic obstructions ... that the atherosclerotic process 
_ represents the progression of a vasospastic disease." This is 
not an entirely new hypothesis; in 1816 Friedrich Kreysig? 
speculated that functional, dynamic disturbances in coronary 
arteries might precede the development of organic lesions 
. therein. It is known that severe spasm of cerebral arteries in 
human beings? and coronary arteries in dogs can result in 
damage to the vascular endothelium and smooth muscle. 
Gertz and co-workers* speculated from such animal studies 
that arterial spasm may be a cause for atherosclerosis. This 
is only one of many possible explanations for the intimate 
relation of coronary arterial spasm to sites of organic stenosis 
in most patients with variant angina.? 
I can accept the possibility that coronary arterial spasm 
contributes to the development of atherosclerosis sometimes, 
but I believe this would be exceptional. Hence I applaud the 
excellent editorial of Lown and DeSilva in the same issue of 
- the Journal, which points out major deficiencies in the meager 
— evidence marshalled by Marzilli and his colleagues to support 
their hypothesis. I offer the following additional arguments 
. against this hypothesis. In patients without spontaneous an- 
gina, coronary arterial spasm remote from the catheter tip is 
an exceptionally rare occurrence during coronary arteriog- 
raphy both in patients with normal coronary arteries and in 
those with organic obstructions.® If coronary spasm were a 
major precursor of atherosclerotic disease, one would expect 
by chance to see it much more frequently during arteriography 
in these patients. In patients with spontaneous angina pec- 
toris, electrocardiographic evidence of coronary arterial spasm 
extending into the distribution of more than one major coro- 
nary artery is not common (about 5 percent of cases).’ Yet two 
or three vessel organic coronary artery disease is usually 
present in these patients (72 percent of the 212 patients 
studied by Marzilli et al.). Moreover, serial coronary arterio- 
. grams over 1 to 17 year follow-up periods (average 6 years) in 
six of my own patients with variant angina have not in my 

. judgment shown a more rapid progression of organic disease 
in the vessel involved with spasm than was seen in other cor- 
onary arteries in the same patients or in serial studies of dis- 
eased coronary arteries in patients with no clinical evidence 
of coronary spasm. 

I would also like to take this opportunity to correct an error 
whose recent frequent repetition suggests a common source 
in a widely read text of cardiology. Lown and DeSilva in their 
editorial refer to the writings of Peter M. Latham as proof that 
coronary spasm had been proposed to account for anginal pain 
in the 19th century. However, careful perusal of Latham's 
published works,? reveals that he believed angina pectoris was 
due to spasm of the heart muscle (that is, of the myocardium); 
he is quite specific about this and nowhere mentions spasm 
of the coronary arteries.? Other than the work of Kreysig, 
previously mentioned, the first proposal I can find suggesting 
coronary arterial spasm as a cause of angina pectoris was made 
by William Tennant Gairdner? sometime before 1879. 


Rex MacAlpin, MD 

Department of Medicine 

School of Medicine 

The Center for the Health Sciences 
Los Angeles, California 
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REPLY: SOME CLINICAL CONSIDERATIONS 
REGARDING THE RELATION OF CORONARY 
VASOSPASM TO CORONARY ATHEROSCLEROSIS: 
A HYPOTHETICAL PATHOGENESIS 


A relation between vasospasm and atherosclerosis has been 
suspected several times in the past as emphasized by 
MacAlpin. Hellstrom lists four mechanisms that could be 
involved in this relation. Our hypothesis differs from previous 
suggestions in that we are proposing that coronary vasospasm 
is an early manifestation of coronary atherosclerosis rather 
than an accelerating or localizing factor. Coronary vasospasm 
can be regarded as an abnormal contractile function of the 
coronary smooth muscle. Intimal smooth muscle proliferation 
is an essential moment in the development of the athero- 
sclerotic plaque, as noted in the editorial of Lown and DeSilva. 
On the basis of these two points, we suggest that coronary 
vasospasm could be due to increased contractile activity of 
these intimal cushions of smooth muscle. Therefore, we pro- 
pose that coronary vasospasm and its clinical counterpart, 
spontaneous angina, may be the manifestations of this early 
stage of the atherosclerotic process. 

This hypothesis is consistent with the observation that in 
the 212 patients reported on, the atherosclerotic involvement 
appeared to be inversely related to the age and duration of 
symptoms. The young patients (both in terms of age and 
clinical history) presented with vasospastic angina and grossly 
normal coronary arteries, and the older patients presented 
mostly with angina on effort and diseased arteries. The case 
we described confirmed that atherosclerotic plaques can de- 
velop at the same site where spasm previously occurred. 

We thank Hellstrom, Jacobs and Sommer for sharing with 
us their observations in support of this hypothesis. We ap- 
preciate MacAlpin's interest and his stimulating criticism. We 
would like to respond to three points he makes: 

1. Regarding the occurrence of spasm during coronary ar- 
teriography, we agree that it is rare during routine coronary 
angiography. This is true in patients with spontaneous as well 
as in patients with effort angina. However, all the patients 
with spontaneous angina demonstrated coronary vasospasm 
during angiography when it was appropriately searched for, 
regardless of the presence or absence of coronary atheroscle- 
rosis. 

2. The observation that spasm usually is limited to one 
vessel and atherosclerosis is usually diffuse need not contra- 
dict our hypothesis. Spasm is, according to our theory, the 
manifestation of an early, transient stage of the atherosclerotic 
process. The occurrence of spasm in a patient with diffuse 
atherosclerosis merely indicates that the disease can involve, 
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at different times, multiple segments of the coronary circu- 
lation. l 

3. One should also consider that the intimal smooth cell 
proliferation need not necessarily progress to the athero- 
sclerotic plaque. Histologic examination of the intimal cush- 
ions demonstrate that dead cells in large number are inter- 
mixed with normal cells (Weber, personal communication). 
This observation provides a possible mechanism for the re- 
gression of the atherosclerotic lesions. 

We agree with MacAlpin and Lown and DeSilva that the 
hypothesis is far from proved. However, the implications of 
this theory appeared to be so profound in terms of prophylaxis 
and treatment of ischemic heart disease that we considered 
it appropriate to bring it to the attention of the cardiovascular 
community. The letters published in this issue show that we 
succeeded in stimulating a debate on this theory. 


Mario Marzilli, MD 

Sidney Goldstein, MD, FACC 
Cardiovascular Medicine 
Henry Ford Hospital 

Detroit, Michigan 
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EXERCISE-INDUCED S-T ELEVATION, CORONARY 
ARTERY DISEASE AND VARIANT ANGINA 


Transient S-T segment elevation induced by exercise testing 
was described in a group of 38 patients by Sriwattanakomen 
et al.,! who found 11 instances in which it was not associated 
with an underlying old myocardial infarction and ventricular 
aneurysm. A luminal narrowing of more than 70 percent was 
called a "significant" lesion (it was not specified whether di- 
ameter or luminal cross-sectional area was the reference) and 
was present in the distribution reflected by the S- T segment 
elevation in all 11 cases. Hence, the authors concluded that 
exercise-induced S-T elevation indicates significant proximal 
coronary artery disease. Whether any of these patients had 
attacks of spontaneous angina pectoris suggesting superim- 
posed coronary spasm was not specified. 

In a second article, Lahiri et al.? found exercise-induced S-T 
depression followed by chest pain and S-T elevation in the 
same leads in five patients, all of whom were shown by am- 
bulatory electrocardiographic recording to have S-T elevation 
during spontaneous attacks of myocardial ischemia. The 
clinical findings in these patients are consistent with 
Prinzmetal’s variant angina.? Because all five patients had 
severe obstructive lesions in distributions reflected by the S-T 
segment elevation, it was concluded that in such patients S-T 
elevation induced by exercise testing may be an indication of 
severe obstructive lesions. Moreover, because three of these 
patients shortly thereafter had a myocardial infarction and 
two of these patients died, the authors propose that this 
syndrome may have a very poor prognosis. 

My own experience with exercise-induced S-T segment 
elevation has led me to somewhat different conclusions. 
Treadmill exercise testing in 55 patients with spontaneous 
attacks of angina associated with transient S-T elevation 
yielded ischemic S-T shifts in 23. Thirty-one had a negative 
exercise test (no angina and no S-T shift), and only one had 
an equivocal test. Transient S-T elevation during or after 
exercise was seen in 13 of the 23 with a positive test, and none 
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of these 13 cases had had a prior myocardial infarction. Cor- | 
onary arteriographic findings in these 13 patients revealed a 
spectrum of organic disease from only minimal plaques to 
severe three vessel disease. In the coronary artery implicated 


by the lead distribution of the stress-induced S-T elevation | 


l 
| 
| 


3 


the degree of organic luminal diameter obstruction was greater | 


than 70 percent in only three cases and was 50 percent or less 
in eight. Follow-up information is available on 12 of these 
patients for periods ranging from 1 to 14 years (average 4) after 
the test that provoked the S-T elevation. One patient died of 
heart disease at 86 months, and another had an asymptomatic 


myocardial infarction at 50 months. The 11 survivors include 4 


4 patients without symptoms and 7 with persistent mild to 
moderate angina pectoris. None of these patients have re- 
quired coronary arterial surgery. 

Hence, in the particular subset of patients without prior 


myocardial infarction in whom spontaneous angina is anim- © 


portant part of the symptomatology, in whom symptoms are 
stable enough to permit exercise testing and in whom transient 
S-T segment elevation is sometimes seen during spontaneous 
attacks (variant angina), our results suggests that (1) the 
production of S-T segment elevation by exercise cannot be 
used to predict reliably the degree of organic coronary ob- 
struction present in the vessel implicated by the lead distri- 
bution of the S- T segment shift, and (2) this syndrome does 
not necessarily have a poor prognosis. In my opinion, the ev- 
idence indicates that most such patients have their attacks 
of angina with S-T elevation produced by coronary spasm 
whether it occurs at rest or related to exercise.*^ In some cases 
this spasm occurs in angiographically normal vessels,* but in 
many cases it is superimposed on pliable organic stenoses.?:56 
However, when present, even angiographically severe stenoses 
may not restrict flow importantly in the absence of spasm as 
shown by the common inability to provoke angina and S-T 
changes with exercise performed after vasodilator medication 
or at a time of day when the patient is not subject to sponta- 
neous attacks.?^ It can thus be seen why in this type of patient 
the presence or absence of exercise-induced S-T elevation 
would not be expected to be helpful in predicting the severity 
of organic coronary obstruction or in arriving at a prog- 
nosis. 

Lahiri and colleagues? state that Prinzmetal et al.? were the 
first to describe reversible S-T segment elevation with angina 
pectoris at rest and preservation of exercise capacity. In fact, 
many other investigators had previously published descrip- 
tions of such cases, and Prinzmetal et al. listed references to 
most of these in their initial publication on this subject.? The 
first description of exercise-induced S- T segment elevation 
in a patient with spontaneous angina was made by Hausner 
and Scherf in 1933.7 

Rex MacAlpin, MD 

Department of Medicine 

School of Medicine 

The Center for the Health Sciences 
Los Angeles, California 


References 


1. Sriwattanakomen S, Ticzon AR, Zubritzky SA, et al. S-T segment elevation during 
exercise: electrocardiographic and arteriographic correlation in 38 patients. Am J Cardiol 
1980;45:762-8. 

2. Lahiri A, Subramanian B, Millar-Craifj M, Crawley J, Raftery EB. Exercise-induced 
S-T segment elevation in variant angina. Am J Cardiol 1980;45:887-94. 

3. Prinzmetal M, Kennamer R, Merliss R, Wada T, Bon N. Angina pectoris |. A variant form 
of angina pectoris. Am J Med 1959;27:375-88. 

4. Yasue H, Omote S, Takizawa A, Nagao M, Miwa K, Tanaka S. Circadian variation of 
exercise capacity in patients with Prinzmetal's variant angina: role of exercise-induced 
coronary arterial spasm. Circulation 1979;59:938—-48. 

5. Specchia G, DeServi S, Falcone C, et al. Coronary arterial spasm as a cause of exer- 
cise-induced S-T segment elevation in patients with variant angina. Circulation 1979; 
59:948-54. 


_ 1181 


F" PM tite CII UN 
; 


ee 9 oov 
à 


PRET 


note at hes 


ahari Ai 


E 


ae m 5 a EYES os 


PRAF - 


7 " 
I ^ 


6. MacAlpin RN. Contribution of dynamic vascular wall thickening to luminal narrowing 
during coronary arterial constriction. Circulation 1980;61:296-301. 

7. Hausner E, Scherf D. Uber Angina pectoris-Probleme. Z Klin Med 1933;126:166- 
93. 


REPLY —I 


'The 11 patients MacAlpin alludes to who manifested exer- 
cise-induced S- T segment elevation without associated pre- 
vious myocardial infarction and without ventricular aneurysm 
by left ventriculography, and who had significant coronary 
arterial lesions reflected by S-T segment elevation had no 
evidence of Prinzmetal's variant angina. In fact, the 33 who 
had chest pains in our series of 38 patients, had no S-T ele- 
vation documented during spontaneous anginal attacks. It is 
the usual practice in our institution to proceed directly to 
coronary arteriography in cases when S-T elevation is docu- 
mented during spontaneous anginal attacks and only after we 
document the degree of anatomic lesions or the role of spasm 
do we proceed to exercise testing for work tolerance and fur- 
ther evaluation when the patient is deemed to be in stable 
condition. 

We consider 70 percent luminal narrowing a significant 
lesion determined from the multiple views of coronary arte- 
riogram, which necessarily implies diameter rather than 
cross-sectional area. We fully agree with MacAlpin's data on 


- his 55 patients with spontaneous attacks of angina associated 
_ with transient S-T elevation (Prinzmetal's variant angina). 


As he pointed out and as mentioned in the references he cited 
(including those cited in our paper) anatomic lesions in 
Prinzmetal's angina consist of a spectrum ranging from absent 


_ to severe proximal obstructive lesions. Consequently, one can 


not correlate the S- T elevation with the degree of coronary 
artery disease in this subset of patients. However, if exer- 
cise-induced S-T elevation occurs in patients without 


— Prinzmetal's variant angina in whom coronary arteriography 


documents severe multiple proximal lesions, I doubt that the 
course will be as benign as those of his series. Therefore, the 


— different conclusion that MacAlpin arrived at from his series 


and experiences compared with those described in our paper 
may very well be due to a totally different patient popula- 
tion. 
Andres R. Ticzon, MD, FACP, FACC 
Supote Sriwattanakomen, MD, FACC 
Frederick C. Duffy, MD, FACC 
Division of Cardiology 
St. Francis General Hospital 
Pittsburgh, Pennsylvania 


REPLY —II 


- We agree that exercise-induced S- T segment elevation alone 


is not a reliable indicator of severe coronary obstruction. Our 


~ > 4 "he 


patients were clearly a different group, and we believe that this 
phenomenon is a further variant of variant angina. We clearly 


_ state that these patients had exercise-induced S-T segment 


depression and S-T segment elevation. Angina during exercise 
was mainly related to S-T depression and this, we believe, 
usually indicates significant coronary arterial narrowing. Our 
hypothesis is that this transient*ischemia provoked coronary 
spasm, which in turn produced elevation. The spectrum of 
changes were varied and spectacular. In this rare situation, 
when a combination of S-T depression and elevation is 
present, we believe that this strongly indicates severe coronary 
arterial narrowing. Transient S-T segment elevation in itself 
may or may not be related to coronary narrowing. 
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Existing studies support our conclusion that a poor prog- 
nosis is associated with the syndrome of variant angina. 
Morbidity and mortality appear to be higher than in similar 
groups of patients with coronary stenoses. Sudden death, 
myocardial infarction, heart block, severe arrhythmias and 
failure to respond to traditional therapy are recognized as 
major problems in patients with variant angina.!- One cannot 
escape the fact that our group of patients had a very poor 
prognosis; three of five patients had acute myocardial in- 
farction in spite of therapy and one died. Another died sud- 
denly of primary ventricular fibrillation and only one of five 
patients has remained well and free of angina. We thank 
MacAlpin for pointing out to us that Prinzmetal et al. were 
not the first to describe coronary spasm as a cause of variant 
angina but feel sure he would agree that his was the first def- 
inite insight into the subject. Actually the first two references 
to coronary artery spasm were made in 1876 by Latham and 
later by Osler’ in 1910. 

Aujit Lahiri, MB 
V. Balasubramanian, MD, FACC 
Edward B. Raftery, MD, FACC 
Northwick Park Hospital 

and Clinical Research Center 
Middlesex, England 
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THE COURTS AND INFORMED CONSENT 


Cardiologists should be interested in a recent Appelate Court 
decision in the wake of the unfortunate letter by Effler and 
Gensini.! Their letter proposed, on pain of malpractice action, 
that all patients with signs of ischemic heart disease be in- 
formed of the availability of coronary angiography. Moreover, 
this proposal was based, by analogy, on the Miranda decision.! 
(Our colleagues from Syracuse evidently missed the irony of 
Miranda's recidivism after his acquittal on the technicality 
they used for their analogy.) The letter naturally required and 
received a point by point rebuttal.? The writers then produced 
a surrebuttal introducing a new analogy, “available alternative 
forms of treatment,? to push once more for the inescapability 
of this technique of diagnosis. Although appropriate treatment 
and appropriate diagnosis are obviously related (you don't 
often have one without the other), this new analogy adds more 
slipshod extension to the Miranda analogy. Indeed, precisely 
this was recognized by the Court of Appeals of the State of 
Washington, meeting January 9, 1979.4 

In the Washington case the wife of a patient who had had 
a fatal myocardial infarction contended that the physician's 
failure during two office visits to perform a treadmill elec- 
trocardiogram or an angiogram or to disclose their availability 
to the patient constituted negligence. The argument was that 
under the doctrine of informed consent the physician should 
have disclosed all possible diagnostic procedures. The Ap- 
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pellate Court disagreed, explicitly rejected this argument and 
decided in favor of the physician, concluding that “the doc- 
trine of informed consent and the duty to disclose had not 
been so broadly applied."^ They also cited a decision in which 
the court had held that the doctrine of informed consent 
"should not be enlarged so as to include problems of mistaken 
diagnosis." 

Although Effler and Gensini may have uncorked the bottle 
that held a very unwelcome genie, at least some high legal 
authorities find that the issue is by no means the way they 
would have it. Had the courts not rejected their reasoning, 
each cardiologist might have had to present each patient with 
a teutonic handbuch containing every possible test and its 
explanation (coronary angiography is our colleagues' forte, 
but it is only one among many tests). Happily, for the present 
at least, this seems avoidable and our insurance rates can re- 
main merely exorbitant rather than astronomical. 

David H. Spodick, MD, DSc, FACC 
University of Massachusetts 
Medical School 

and 

Division of Cardiology 

St. Vincent Hospital 

Worcester, Massachusetts 
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CARDIAC CATHETERIZATION AND 
ECHOCARDIOGRAPHY IN INFECTIVE ENDOCARDITIS 


Recently Welton et al.! reported on the value and safety of 
cardiac catheterization during active infective endocarditis. 
They imply that cardiac catheterization should be done more 
often in this setting, since it is safe and has a greater diagnostic 
accuracy than noninvasive tests. However, they did not give 
data about the nature of these noninvasive tests. Because their 
series was collected between 1967 and 1977, the most useful 
noninvasive test in endocarditis, echocardiography, was 
probably suboptimally utilized. Studies of echocardiography 
in endocarditis only started appearing in 1973-1974,?-4 and 
the spectrum of M mode findings in endocarditis was only 
reported in 1976.56 

'Two dimensional echocardiography, which is probably more 
sensitive than M mode for detecting vegetations,’ has become 
widely available during the last few years.9? Since echocar- 
diography can directly image the vegetations of infective en- 
docarditis, it frequently yields more diagnostic information 
than catheterization in the setting of endocarditis. It would 
be of interest to know more about the echocardiographic 
studies of Welton. For example: How many patients had M 
mode and two dimensional studies? How many of these were 
false positive or false negative? One methodologic problem 
is that not all patients in the series had independent confir- 
mation of involvement or lack of involvement of cardiac valves 
with endocarditis by surgery or autopsy. Since there is no in- 
dependent “gold standard,” it is difficult to understand how 
lack of involvement of a valve can be diagnosed by catheter- 
ization. Even echocardiography, a more sensitive test for 
vegetations, can be negative in proved endocarditis. Finally, 
crossing 15 infected valves with no embolic sequelae detected 
on retrospective review is probably too small an experience 
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to draw the conclusion that crossing infected valves with a 
catheter is a safe procedure. ' 
An aggressive approach to cardiac surgery is frequently 
warranted in infective endocarditis, but the data offered b y 
Welton et al. are insufficient to show that noninvasive tests 
are inferior to cardiac catheterization in diagnosing valve in- 
volvement. 
Richard Meltzer, MD 
Jos Roelandt, MD, FACC — 
Thoraxcenter 
Erasmus University and 
Dijkzigt Hospital | 
Rotterdam, the Netherlands 
References 


1. Welton DE, Young JB, Raizner AE, et al. Value and safety of cardiac catheterization 
during active infective endocarditis. Am J Cardiol 1979;44:1306- 10. 
2. Dillon JC, Feigenbaum H, Konecke LL, Davis RH, Chang S. Echocardiographic mani- 
festations of valvular vegetations. Am Heart J 1973;86:698-704. E 
3. Gottleb S, Khuddus SA, Balooki H, Dominguez AE, Myerburg RJ. Echocardiographic 
diagnosis of aortic valve vegetations in candida endocarditis. Circulation 1974; 0: 
826-30. 
4. Martinez EC, Burch GE, Giles TD. Echocardiographic diagnosis of vegetative aort 
bacterial endocarditis. Am J Cardiol 1974;34:845-9. ] 
5. Roy P, Tajik AJ, Guiliani ER, Schattenberg TT, Gau GT, Frey RL. Spectrum of echo- 
cardiographic findings in bacterial endocarditis. Circulation 1976;53:474-81. 
6. Wann LS, Dillon JC, Weyman AE, Feigenbaum H. Echocardiography in bacterial en- 
docarditis. N Engl J Med 1976;295:135-9. - 
7. Martin RP, Meltzer RS, Chia BL, Popp RL. The clinical utility of two-dimensiona 
echocardiography in bacterial endocarditis. Am J Cardiol, in press. 
8. Gilbert BW, Haney RS, Crawford F, et al. Two-dimensional echocardiographic 
sessment of vegetative endocarditis. Circulation 1977;55:346-53. 
9. Mintz GS, Kotler MN, Segal BL, Parry WR. Comparison of two-dimensional and 
echocardiography in the evaluation of patients with infective endocarditis. Am J Cardiol 
1979;43:738-44. 


REPLY 3 
We agree that echocardiography is a highly valuable tool i 
detecting valve vegetations associated with infective end 
carditis. We did not imply or state in our paper that nonin- 
vasive tests are inferior to cardiac catheterization in this re- 
gard. Rather, cardiac catheterization complements echocar- 
diography and should be performed in the subset of —-—— 





with infectious endocarditis in whom surgery appears to be 
indicated. ] 

The primary purpose of cardiac catheterization in this 
setting is not to demonstrate valve vegetations, but rather 
localize, quantify and characterize more precisely hemody- 
namic derangements that may require surgical intervention. 
Importantly, in addition, there are lesions that echocardiog- 
raphy may not detect or for which the detection sensitivity is 
low such as interchamber fistulas, aortic root and valve ring 
abscesses and mycotic lesions of the coronary arteries. In these 
situations, angiography is required for detection to enable 
rational planning of the most expeditious and appropriate 
surgical approach. | 

To answer specifically the questions concerning the numbei 
of patients undergoing echocardiography in our series, of the 
original 35 patients who underwent cardiac catheterization 
over a 10 year span, 28 had M mode echocardiograms pers 
formed. None of the original patients had bidimensional or 
pulsed Doppler studies. Valve vegetations were present in 1 
of these patients. Safe catheter crossing of valves with known: 
vegetations occurred in 15 patients. 

Since publication of our study, 20 additional patients with: 
active infective endocarditis have undergone cardiac cathe- 
terization at one of our institutions (Ben Taub General Hoda 
pital). Ten of these patients had aortic, six had mitral, threat 
had tricuspid and one had combined tricuspid and mitr 
valve infection. Surgery for congestive heart failure prompted 
the preoperative evaluation in 18 patients; 2 were evaluated 
when operative intervention was considered for persisting 
fever associated with echocardiographic evidence of large 
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regetations. Each of these patients had high quality M mode 
»chocardiograms. Valve vegetations were apparent in 10 pa- 
‘ents (aortic valve in 5, mitral valve in 3 and tricuspid valve 
n 2). During catheterization, 7 of these 10 valves with vege- 
‘ations were crossed. No complications occurred in this group 
of patients. 

Cardiac catheterization detected complications that were 

aot identified by echocardiography in 5 of these 20 recently 
studied patients. Two patients had an unsuspected fistula 
one aorto-right ventricle and the other aorto-left atrial). One 
patient had an unsuspected aortic root abscess, one patient 
with tricuspid valve vegetation had severe mitral regurgitation 
in addition to tricuspid regurgitation, and one patient without 
vegetations was found to have hemodynamically significant 
mitral regurgitation. In four patients, lesions were identified 
that were judged not sufficiently severe to require emergency 
surgery. 
. Thus, we have demonstrated the safety and usefulness of 
cardiac catheterization in patients with infective endocarditis 
in whom early surgical procedures are under consideration. 
Although our experience indicates that valves with vegetations 
may be safely crossed, we certainly emphasize the need for a 
prudent approach to the procedure. For example, sufficient 
information concerning left ventricular function and the mi- 
tral valve apparatus may be gained from a large volume aortic 
root injection alone when substantial aortic insufficiency is 
present. Furthermore, transseptal catheterization or pulmo- 
nary angiography with evaluation of the levo phase will also 
provide useful information concerning the presence of left- 
sided valve ring abscesses. Finally, we generally utilize the 
Judkins technique for coronary arteriography in patients with 
aortic valve vegetations so that the coronary arteries may be 
more safely cannulated without direct contact with the valve 
leaflets or vegetations. 


James B. Young, MD, FACC 
Albert E. Raizner, MD, FACC 


Richard R. Miller, MD, FACC 
Baylor College of Medicine 
Houston, Texas 
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VASOPRESSORS AND CARDIAC RUPTURE 


The following two cases support the clinical impression of 
Gutner! of cardiac rupture associated with the treatment of 
acute myocardial infarction with vasopressors: 
— Case 1: A 60 year old Japanese man had symptoms of an 
acute myocardial infarction while golfing. When brought to 
the emergency room he had a blood pressure of 88/60 mm Hg, 
and an electrocardiogram showed changes of an acute inferior 
myocardial infarction. An Aramine drip infusion was started 
and the blood pressure was 260/160 mm Hg and ventricular 
tachycardia, which was self-terminating, appeared. On the 6th 
hospital day signs and symptoms of pericarditis were found. 
Steroid therapy was started. The same day cardiac arrest oc- 
eurred with junctional rhythm, distended neck veins and 
»lectromechanical dissociation suggesting cardiac tamponade. 
Pericardiocentesis followed by open chest cardiac massage was 
attempted. An area of cardiac rupture was noted in the pos- 
terior aspect of the left ventricle. The patient died despite 
attempts at cardiac suture. 

Case 2: A 79 year old Filipino man was transferred to the 
hospital from another island with an acute anterior myocardial 


infarction and onset of a new murmur. When initially seen on 
Kauai he was hypotensive and an epinephrine drip infusion 
was started. The patient had findings consistent with ven- 
tricular septal rupture, but he initially refused any invasive 
procedures. On the 4th hospital day complete heart block 
required temporary transvenous pacing. A pulmonary arterial 
catheter showed a stepup in the pulmonary arterial saturation 
consistent with ventricular septal rupture and a pulmonary 
to systemic flow ratio of 3:1. Emergency cardiac catheteriza- 
tion and septal rupture closure were performed. The imme- 
diate postoperative course was benign but on the 6th day 
ventricular tachycardia appeared. The patient died despite 
administration of open chest cardiac massage. 

These two cases, one with cardiac rupture and the other 
with rupture of an intracardiac structure, were both associated 
with the use of pressor agents in the initial management. 
Roberts? has pointed out the association of cardiac rupture 
and a history of hypertension. The use of pressor agents in the 
management of acute myocardial infarction may be another 
predisposing factor to the development of cardiac rupture or 
rupture of an intracardiac structure. 


Stewart Y. Matsumoto, MD, FACC 
Honolulu, Hawaii 
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RADIONUCLIDE EJECTION FRACTION 
AFTER PRAZOSIN 


I think there is an error in Figure 5 and the related discussion 
in the paper by Colucci et al.! According to their data, mean 
left ventricular ejection fraction determined with radionuclide 
ventriculography before and after therapy with prazosin is 
about 29 percent and 36 percent, respectively, rather than 24.8 
percent and 32.1 percent as depicted in the figure and stated 
in the text. I do not know how this affects the statistical 
analysis or Figure 6, but it seems that this estimate of ejection 
fraction now more closely parallels the mean values for this 
variable as determined with the echocardiogram. 

Peter A. Barrett, FRACP, FACC 

Department of Cardiology, 

The St. George Hospital 

Kogarah, Sydney, Australia 
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REPLY 


Barrett correctly points out an error in our Figure 5. Each 
division on the ordinate scale should be lowered by 5 percent 
(that is, 30 percent should read 25 percent), and both mean 
data points (“pre” and “post” prazosin) in the left panel 
should be moved upward by 5 percent relative to the indi- 
vidual patient data points. The data are cited correctly in the 
text and plotted correctly in Figure 6. Because the error in- 
volves only the drafting of Figure 5, the statistical analysis was 
not affected. 
Wilson S. Colucci, MD 
Cardiovascular Division 
Peter Bent Brigham Hospital 
Boston, Massachusetts 
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Dan G. McNamara, MD, FACC 


Since most of you as members of the 
College are concerned with acquired 
heart disease in the adult, you might be 
wondering what effect a pediatric cardi- 
ologist serving as your President will have 
upon the goals of the College and upon 
the interests and obligations of its mem- 
bers. 


A Pediatric-Oriented Message 


The pediatric-oriented message that 
you will hear in the coming year is as fol- 
lows: The time has come for physicians, 
parents, schoolteachers, lawmakers— 
all—to act upon the knowledge that (1) 
both coronary heart disease and hyper- 
tension start in childhood, and (2) the ac- 
quired habits that aggravate, if not initiate, 
these diseases are learned from adult 
models during the impressionable period 
from infancy through early adulthood. 


Benefit of ACC Membership 


To the new Fellows of the College, my 
warm congratulations and good wishes for 
success in your individual attack on heart 
disease, whether this takes place at the 


bedside, the operating room, research 
laboratory or lecture hall. Membership in 
the American College of Cardiology, you 
will find, expands the benefit of your in- 
dividual efforts through the College’s 
collective attack on heart disease. 


The New Member’s Change in Posture 


| suspect that most of you receiving 
your certificate of Fellowship may pass 
through the entire convocation ceremony 
without feeling any great metamorphosis 
come over you! Whether you do or not, 
your Fellowship in the American College 
of Cardiology certainly changes the way 
that others perceive your professional 
Capability and responsibility. Certain 
things will be expected of you by this or- 
ganization and by others. 


Obligations of The FACC 


Continuing medical education: What 
does the American College of Cardiology 
expect of you? Probably, the College 
should attach a caveat to the Fellowship 
Certificate which reads: ‘“‘Warning: Pro- 
longed use of this certificate without 
regular educational reinforcement may 
result in disturbing symptoms of culpa- 
bility. If such occur, contact the Learning 
Center at Heart House immediately.” The 
Certificate of Fellowship is partly a reward 
for accomplishments, but primarily indi- 
cates that the holder is likely to contribute 
to the goals of the College. Thus, you are 
likely to feel uncomfortable without be- 
coming a part of its continuing education 
programs. That, after all, is why the Col- 
lege exists. 

Preventive cardiology: What do others 
expect? Others include our patients, their 
primary doctors, lawmakers, third party 
payers and society in general. The public 
can reasonably expect us to be not only 
experts in the facts about prevention of 
heart disease but also activists in en- 
couraging and monitoring adherence to a 
nonatherogenic lifestyle, and we must do 
this without creating nationwide cardiac 
anxiety! 


Evaluation, use and cost-conscious- 
ness of new technology: Patients expect 
us to know how to use and evaluate the 
latest in technology of proved value and 
safety and at the same time to make a 
special effort to keep down the costs. 

Research: investigation, application 
and fiscal support: Most people, whether 
or not they have heart disease, keep up 
with medical news and know the benefit 
that past research has provided for vic- 
tims of heart disease and the potential that 
future research holds for patients with 
cardiovascular problems not yet solved. 
The nation expects some of us to carry 
out research, others of us to apply new 
knowledge to patient care and all of us to 
promote public and private fiscal support 
for investigations. In recent weeks the 
prospect for austerity in spending has 
been accepted by many of us who believe 
that this may relieve our inflation rate. But 
plans to strengthen the productivity and 
security of our country must include pro- 
vision for the encouragement, including 
the training, of capable scientists and the 
support of their proposals in the field of 
cardiovascular disease. 

Because the personal or vocational life 
of virtually all people in this country has 
been or could be touched by cardiovas- 
cular disease extant in 40 million North 
Americans, we as cardiologists could 
hardly be faulted as representing a small 
special interest group by being strong 
advocates of federal support for heart 
disease research. 


Pledge of the President 


To all members of the College, | pledge 
to work with you and for you in the coming 
year toward the established goals of the 
College and to remain open to new ideas 
and constructive changes offered by the 
membership, individually and informally 
as well as through the structure of the 
committees. 

Dan G. McNamara, MD, FACC 
President 
American College of Cardiology 
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CALENDAR OF EXTRAMURAL PROGRAMS 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





1981 


To be Preceptorships in Cardiology. Arthur 
arranged Selzer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 

ally 


To be Preceptorships in Cardiology. Jules 
arranged Constant, FACC, director. Buffalo Gen- 
individu- eral Hospital, Buffalo, NY 


ally 

MAY The Pathology of Acquired Diseases of 

7-9 the Heart and Conduction System. 
Jesse E. Edwards, FACC, Maurice Lev, 
FACC and Saroja Bharati, FACC, di- 
rectors. Radisson Hotel, St. Paul, MN 

MAY Cardiac Emergencies. Arthur Selzer, 

7-9 FACC and Richard Pasternak, co-di- 
rectors. The Mark Hopkins, San Fran- 
cisco, CA 

MAY Practical Cardiology for the Primary 

7-9 Care Physician, Leonard S. Dreifus, 


FACC and Joel Morganroth, FACC, di- 
rectors. Sarasota Hyatt Hotel, Sarasota, 
FL 


MAY THROUGH AUGUST 1981 


MAY Clinical Auscultation of the Heart. W. 

13-15 Proctor Harvey, FACC, director and 
Antonio C. de Leon, Jr., FACC and John 
F. Stapleton, co-directors. Gorman 
Building Auditorium, Georgetown Uni- 
versity Medical Center, Washington 
DC 


MAY Cardiac Diagnostic Techniques—A 

14-16 -Clinical Perspective. Arnold M. 
Weissler, FACC and Nicholas Z. Kerin, 
FACC, directors and Franklin E. Hull, 
FACC, S. C. Khullar, FACC and Melvin 
Rubenfire, FACC, co-directors. Detroit 
Plaza Hotel, Renaissance Center, De- 
troit, MI 


MAY Modern Cardiology. J. Willis Hurst, 

18-22 FACC and Robert C. Schlant, FACC, 
directors. Sheraton Atlanta Hotel, At- 
lanta, GA 


MAY Sixth Annual Symposium on Cardio- 

28-31 vascular Nursing. Henry J. L. Marriott, 
FACC and Leo Schamroth, FACC, di- 
rectors. Sheraton Sand Key Hotel, 
Clearwater Beach, FL 


JUNE The Patient with Arrhythmia—A Clini- 
17-19 cal Approach. Ross D. Fletcher, FACC 
and W. Proctor Harvey, FACC, directors. 
Gorman Building Auditorium, George- 
town University Medical Center, Wash- 


ington, DC 
JUNE Eighth Annual Symposium on Clinical 
30- Echocardiography: New Developments 
JULY in Cardiac Ultrasound at Snowbird. 
3 Arthur D. Hagan, FACC, director and 


Anthony N. DeMaria, FACC and William 
F. Friedman, FACC, co-directors. 
Snowbird Conference Center, Snowbird 
Ski and Summer Resort, Snowbird, UT 


AUG. Tutorials in the Tetons: Clinical Cardi- 

29-31 ology: Diagnostic and Therapeutic 
Advances (Seventh Annual). Robert S. 
Eliot, FACC, director and James C. 
Buell, Timothy Fleming, FACC and 
Gerald L. Wolf, co-directors. Jackson 
Lake Lodge, Moran, WY 


LEEK, 
a Te 






3 
3 





y? 


MERC 
tyi 
20 3399 


KG 






ees 
AS 
mm q 


ad a 


p] 
73, 






3, 
u, 3i OV 37 
73335555577 


CARDIOLOGY BOARD REVIEW: Update in Cardiology 


* 
September 9-11, 1981 


Atlanta, Georgia 


Presented by: The American College of Cardiology 


Directors: J. WILLIS HURST, MD, FACC and ROBERT C. SCHLANT, MD, FACC 


For brochure and further information contact: Registration Secretary, Extramural Programs Department, American College of Cardiology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone: Area Code 301 897-5400 
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LEARNING CENTER: PROGRAM CALENDAR 


The American College of Cardiology's Learning Center is located at 
the College's headquarters in Bethesda, Maryland. The purpose of the 
Learning Center is to support professional commitment to quality patient 
care by providing a standard of excellence in continuing medical edu- 
cation. 


AMERICAN COLLEGE OF CARDIOLOGY NEWS - 





For additional information or a complete program calendar, contact the . a 
Program Registrar, Heart House Learning Center, American College 
of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
Telephone (301) 897-5400. 





LEARNING CENTER PROGRAMS: MAY THROUGH JULY 1981 





Program 
Number Date Program Director Title of Program 
321 May 6-8 Marvin Dunn, MD Diagnosis and Management of Common Cardiac Arrhythmias 
322 May 11-13 Abdul J. Tajik, MD and The Role of Two-Dimensional Echocardiography in the Clinical 
James B. Seward, MD Practice of Cardiology 
323 May 14-16 G. Charles Oliver, MD Ubiquitous PVC 
324 May 18-20 William J. Mandel, MD His Bundle Electrocardiography: Contributions to the Clinical 
Understanding of the Electrocardiogram 
325 May 28-29 Robert O. Brandenburg, MD Cardiology for the Consultant: Continuing Challenges 
326 June 1-3 Shahbudin H. Rahimtoola, MD Valvular Heart Disease: Current Controversies in Patient Management 
327 June 11-13 Robert G. Tancredi, MD Management of Pulmonary, Renal and Electrolyte Disorders in 
Cardiac Patients 
329 June 15-17 Robert A. O'Rourke, MD Detection of Cardiac Disease by Physical Examination 
302 June 22-24 Paul C. Gillette, MD Decisions in Clinical Pediatric Cardiac Surgery 
331 June 29-30, July 1 B. Leonard Holman, MD Nuclear Cardiology for the Cardiologist 
330 July 8-10 Michael R. Rosen, MD Clinical Pharmacology and Electrophysiology of Antiarrhythmic Drugs 


31st ANNUAL SCIENTIFIC SESSION 


AMERICAN COLLEGE OF CARDIOLOGY 


ATLANTA, GEORGIA 





APRIL 25-29, 1982 


- m mo m Fk ù sat -in AW 4 «mm 


INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 
articles devoted to cardiovascular disease. Articles must be contributed solely 
to THE AMERICAN JOURNAL OF CARDIOLOGY and become the property of the 
Publisher. The Publisher reserves copyright and renewal on all published material, 
and such material may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the authors. Authors 
will assist the editors in the prompt processing of manuscripts if these instructions 
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THE WHOLE PAPER 


e Address manuscript to Managing Editor, 


- American Journal of Cardiology, 666 Fifth 
. Ave., New York, NY 10103. 
. * Submit two copies of all elements of the 


article: text, references, legends, tables and 
figures. 

e Arrange the paper in this order: (1) title 
page; (2) abstract; (3) text; (4) references; (5) 
legends; (6) tables; and (7) figures. 


.* Number all pages in above sequence, be- 


ginning with title page as 1, abstract as 2, 


. etc. 


e Type all matter: (1) on 8'/5 X 11 opaque 
white bond paper; (2) in duplicate; (3) on one 


_ side of each sheet only; (4) double-space; (5) 


leave wide margins, all four sides. 


THE TITLE PAGE 


œ Include first names, degrees and, where 


applicable, FACC for all authors. 
* Provide a short running title of 3 to 6 
words. 


œ Insert at bottom: name and address of in- 


stitution from which work originated plus in- 
formation about grants. 

e Add at bottom the phrase "Address for re- 
prints: . . .’’ followed by full name and address 
with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 words for 
major articles; 50 to 100 words for case re- 
ports. | 
e Add at end of abstract: list of 2 to 6 key 
words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

* Do not use abbreviations such as SVC, 
WPW: write out superior vena cava, Wolff- 
Parkinson-White. * 

e Abbreviate measurements (mm, kcal and 
the like) as recommended in Uniform Re- 
quirements for Manuscripts Submitted to 
Biomedical Journals, published in Am Rev 
Respir Dis 1979; 119:3-10; Ann Intern Med 
1979; 90:95-9; Br Med J 1979; 1:532—5; and 
Lancet 1979:1:428-30. 
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are followed: 


* Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in which 
they are mentioned in text. 

e Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. Indicate all abstracts 
by the abbreviation (abstr). 

e Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

* Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman nu- 
merals: Table |, Il, etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. 

* Provide a footnote to each table—identi- 
fying in alphabetical order all abbreviations 
used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) of each 
photo and drawing. 

e Please note that art work of published arti- 
cles will not be returned. 

e Use black ink for all charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

* Use arrows to designate special features. 
e Crop photomicrographs to show only es- 
sential field. 

* Identify figures on back by number and au- 
thor's name. 

e Number figures in order in which they are 
mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from publisher 
and author to reproduce any previously pub- 
lished figures. 

* Limit figures to number necessary for clar- 
ity. The publisher allows a limited sum toward 
reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors (if there are 7 or more, list 


only 3 and add et al.): 


31. Vismara LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 1977; 39:1027-34. 


(Author: please note that no periods are used after authors initials) 


For chapter in book: 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss AJ, 
Adams F, eds. Heart Disease in Infants. Children and Adolescents. Baltimore: Williams & 


Wilkins, 1968:134-9. 


For books (personal author or authors): 


36. Berne E. Principles of Group Treatment. New York: Oxford University Press, 1966:26. 


(Author: all book references should have specific page numbers.) 
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Each effervescent tablet in solution supplies 25 mEq 
potassium as bicarbonate and citrate 


Orange and Lime Flavors 
The best of taste for over a decade 


KLYTEDO 


Each effervescent tablet in solution supplies 50 mEq 
potassium as bicarbonate and citrate 


Orange and Lime Flavors 
Convenient once-a-day dosage 


IN THE DEST Of TASTE 





Prescribing Considerations 

Indications: K-LYTE DS and K-LYTE are oral potassium supplements for therapy or prophylaxis of potassium deficiency. They are par- 
ticularly useful when thiazide diuretics, corticosteroids, or severe vomiting and diarrhea cause excessive excretory potassium losses; 
and when dietary potassium is low. Carefully monitored, K-LYTE DS and K-LYTE may also be useful for potassium replacement where 
digitalis intoxication results in cardiac arrhythmias. 

Contraindications: Impaired renal function with oliguria or azotemia; Addison's disease; hyperkalemia from any cause. 

Warnings and Precautions: Since the amount of potassium deficiency may be difficult to determine accurately, supplements should 
be administered with caution, and dosages adjusted to the requirements of the individual patient. Potassium intoxication rarely 
occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include listlessness, mental 
confusion, and tingling of the extremities. Frequent checks of the clinical status ofghe patient, ECG, and serum potassium level are 
desirable. In established hypokalemia. attention should also be directed toward other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized patients and such patients should be monitored by ECG for cardiac irregulari- 
ties. To minimize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. 

Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of potassium salts. 

Dosage and Administration: Adults: 1 K-LYTE DS tablet (50 mEq potassium) completely dissolved in 6 to 8 ounces of cold or ice 
water, | to 2 times daily: 1 K-LYTE tablet (25 mEq potassium) completely dissolved in 3 to 4 ounces of cold or ice water, 2 to 4 times 
daily. NOTE: It is suggested that K-LYTE DS and K-LYTE be taken with meals and sipped slowly over a 5 to 10 minute period. 

How Supplied: K-LYTE DS effervescent tablets (orange or lime 

flavors) are available in cartons of 30 and 100. K-LYTE efferves- 


cent tablets (orange or lime flavors) are available in cartons of M Ü ison 
30 and 250. All tablets are individually foil wrapped. Dd | | | PHARMACEUTICAL DIVISION 


©1980 Mead Johnson & Company * Evansville, Indiana 47721 USA MJL 0-4503 
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Ten minutes of stress testing could be the 
key to your patient's life. Now, a break- 
through in stress technology from ICR en- 
ables you to find out more from those ten 
minutes than ever before possible. 

Heres how. 


More display data allows 
physician to make a 
better informed diagnosis. 


With the ICR 
Documentor, you 
can get more 
perspectives on 
your patient's 
condition faster 
and more easily 
with a compre- 
hensive selection 
of display data. One display presents up to 
four trends simultaneously. The other display 
shows (and freezes) your choice of one to 
twelve continuous ECG wave forms, plus nu- 
merical data and averaged wave configura- 
tions. 





Meaningful report 
information in your 
selection of formats. 


The ICR Documentor lets you 
select the information and report 
format most meaningful to your di- 
agnosis. Its unique microprocessor design 
gives it enormous power in generating a wide 
' variety of information, and unsurpassed flex- 
ibility of report formats. 
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4 Powerful advances in 
stress system capahilities 
from the leader in Holter technology. 





Complete programming 
from pre-exercise 
to report. 


The ICR Documentor is the first 
stress system to give you complete 
programming ability over every 
phase of the test, including: pre-test proce- 
dures, treadmill protocol, recovery proce- 
dures, and display and report information. 
The Documentor saves time and paperwork 
and allows you to concentrate on the more 
critical aspects of the test. 


Three-button — 

operation simplicity. 

The Documentor can easily be pro- 
grammed to store a wide variety of 
procedures to accommodate the re- 
quirements of different doctors. 
Once programmed, you can run any proce- 
dure simply by pushing three buttons. 


The complete range of new 
ICR stress systems. 


In addition to the Documentor, ICH is also 
introducing the Analyzer and Monitor. One of 
these systems is ideal for your practice, clinic 
or hospital. Each system can be upgraded 
quickly and easily in the field. 

For more information call toll-free: 


1-800-448-1675. 


or write for a free brochure: Instruments for 
Cardiac Research, 7120 Henry Clay Blvd., 
Liverpool, New York 13088, U.S.A. 


When your patients depend on you, depend on our technology. 
"ir 


= instruments far 
Cardiac Research 


7120 Henry Clay Blvd., Liverpool, New York 13088, U.S.A. 
(315) 451-6960 TWX 710-541-1544/CABLE: CARDIACRE LIPL 
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While the etiology of atherosclerosis 
and coronary heart disease involves 
many factors...“Cholesterol seems to 
bethe thread running through the web 
of circumstances culminating in a clini- 
cal atherosclerotic event."* 

A diet that includes Puritan Oil has 
been clinically proven effective in re- 
ducing serum cholesterol. 


Puritan Oil-superior in 
polyunsaturates to corn oil 


Puritan Oil is made principally from 
highly polyunsaturated sunflower oil. 
Puritan provides polyunsaturate levels 
superior to those of corn oil, the pre- 





a proven ingredient 
of cholesterol management 


eal 











vious standard in a cholesterol-mar 
agement diet. 


A comparison of polyunsaturate levels 






| Leading corn oil brand 
% 20 40 60 80 1 


Unsurpassed culinary appeal helps e1 
courage patient compliance 

Light taste and unsurpassed culinar 
performance encourage patient con 
pliance in successful long-term dietar 
management. 

*Kannel, W.B.: The role of cholesterol in coronar 


atherogenesis, Med. Clin. North Am. 58:363-37! 
1974. 






For every proressi è 
terest | in Exercise and the Heart. 


in Cardiovascular 
Health and Disease 


Edited by 

Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 

Jack H. Wilmore, PhD, Professor and Head Dept. & 
of Physical Education & Athletics, Univ. Arizona 

Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. $33.00 


| This comprehensive work covers every aspect of exercise and its 
| role in Diagnosis, Treatment, and Prevention of cardiac dis- 
ease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
. . a detailed study of the heart muscle itself to the latest advances in 
= cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG 

[] Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 
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“The list of contributors bespeaks its authority: outstanding physicians in cardiovascular medi- 
“cine and distinguished physical educators ... No serious student or practitioner in the field 
. would wish to be without this remarkably thorough account . 


1 - David H. Spodick, MD, St. Vincent Hospital, Worcester, Mass. in The Journal of the American Medical 
-. Assoc., June 16, 1978, Vol 239, No. 24 


. "Many areas in this field which have not as yet been addressed under one cover and a few rather 
unique ones are mentioned . . . an important synthesis of our current knowledge in the field.” 


: Harold T. Mankin, MD, Division of CIriloviscifer Diseases and Internal Medicine, Mayo Clinic Proceedings, 
May 1978 


"Yorke Medical Books 666 Fifth Avenue, New York, N.Y. 10103 AJC 5/81 


. Please send me a copy of EXERCISE in Cardiovascular Health and Disease at $33.00. | 
may use the book for 30 days and if not completely satisfied, return it for full refund or 
credit. 
Bg Bill me, plus cost of shipping. A 
O Payment enclosed, publisher pays shipping. 
LJ Charge my credit card: (© MasterCard D Visa. 
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PART I 
CORONARY HEART DISEASE: AN INTRODUCTION 


1. EPIDEMIOLOGY OF CORONARY HEART DISEASE 
Nemat O. Borhani, MD 
2. CORONARY ARTERY DISEASE: PATHOPHYSIOLOGY AND 
CLINICAL CORRELATIONS 
Ezra A. Amsterdam, MD; Dean T. Mason. MD 
3. PHYSICAL ACTIVITY AND FATAL HEART ATTACK: 
PROTECTION OR SELECTION? 
Ralph S. Paffenbarger, jr, MD 


PART II 
PHYSIOLOGICAL ASPECTS OF EXERCISE 


4. ACUTE AND CHRONIC PHYSIOLOGICAL 
RESPONSES TO EXERCISE 
lack H. Wilmore. PhD 
5. ADAPTATIONS IN HUMAN SKELETAL MUSCLE 
AS A RESULT OF TRAINING 
Philip D. Gollnick, PhD; Walter L. Sembrowich 
6. MYOCARDIAL ADAPTATIONS 
TO PHYSICAL CONDITIONING 
Leigh D. Segel, PhD 
7. EXPERIMENTAL OBSERVATIONS ON THE EFFECTS OF 
PHYSICAL TRAINING UPON INTRINSIC CARDIAC 
PHYSIOLOGY AND BIOCHEMISTRY 
James Scheuer, MD; Somsong Penpargkul, MD; 
Ashok K. Bhan, PhD 
8. EFFECT OF EXERCISE ON HEMOSTATIC MECHANISMS 
Garrett Lee, MD; Ezra A. Amsterdam, MD; 
Anthony N. DeMaria, MD; Gerald Davis, PhD; 
Teresa LaFave; Dean T. Mason, MD 
9. CORONARY AND SYSTEMIC CIRCULATORY 
ADAPTATIONS TO EXERCISE 
William A. Neill, MD 


PART III 


CORONARY HEART DISEASE DIAGNOSIS: 
METHODOLOGICAL AND INTERPRETIVE ASPECTS 


10. METHODS OF EXERCISE TESTING: STEP TEST, 
BICYCLE, TREADMILL, ISOMETRICS 
Robert A. Bruce, MD 
11. EXERCISE ELECTROCARDIOGRAPH Y: RECOGNITION 
OF THE ISCHEMIC RESPONSE, FALSE-POSITIVE 
AND FALSE-NEGATIVE PATTERNS 
Albert A. Kattus, MD 
12. COMPUTER ANALYSIS OF THE EXERCISE 
ELECTROCARDIOGRAM 
C. Gunnar Blomqvist, MD 
13. USE OF THE EXERCISE ELECTROCARDIOGRAM TO 
IDENTIFY LATENT CORONARY ATHEROSCLEROTIC 
HEART DISEASE 
Victor F. Froelicher, Jr, MD 
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23. MEDICAL SCREENING OF PATIENTS WITH 
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Malcolm M. McHenrv. MD 


24. LONG-TERM PHYSIOLOGIC ADAPTATIONS TO EXERCISE 


WITH SPECIAL REFERENCE TO PERFORMANCE AND 

CARDIORESPIRATORY FUNCTION IN HEALTH 

AND DISEASE 

/ William C. Adams, PhD: Malcolm M. McHenry, MD; 
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MYOCARDIAL INFARCTION 
William L. Haskell, PhD 
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The Physio-Control VSM™1 vital signs monitor. 
Sophistication and reliability that set a new standard 
of performance in the O.R. Yet so simple to operate 
that it also sets a new standard of usefulness as a 
bedside monitor in the CCU and ICU. ECG plus 
pulse/pressure waveform from two invasive lines. 
Much, much more. 





The Physio-Control CMS 6000 central monitor 
system is the cost-effective four-bed monitor with 
wide application in hospitals of all sizes. Digital heart 
rate meters with high and low rate alarms. Shared- 
channel circuitry allows use with any of eight  . 
monitoring sites, hàrd-wired or internal telemetry. 


— tn The Physio-Control Lifepak* 6 monitor module 

MAIOR il m MAR functions as the ideal bedside monitor just about 
UST anywhere it's needed throughout the hospital. Simple 
and reliable, it has diagnostic quality recorder plus 
5-second delay. High and low rate alarms. Digital 
heart rate meter with QRS beeper. Line power p/us 
battery power for emergency or transport. 





The Physio-Control ECG Telemetry System allows full 
mobility for the ambulatory patient. 





Medical electronics is our only business. And we 
stand behind our products with the finest service 
team in our industry. The largest service team. The 
best-trained service team. The most responsive 
and dedicated. Try us. . 


MONITORING PRODUCTS from 


PHYSIO . 
CONTROL 





Physio-Control Corporation. Manufacturers of the Lifepak® acute cardiac care systems. Redmond, Washington 98052 USA . (206) 881-4000 
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CyberLith IV the small, clinically proven AV 
Sequential pacing system with reliable CyberLith circuitr 


The compact, lightweight, 
CyberLith IV A-V sequential pace- 
maker (Model 259-01) is designed 
to accommodate your patient's 
long term pacing requirements. In 
over 18 months of successful clini- 
cal experience this A-V sequential 
system once again proved the 
reliability of Cyber. ith circuitry 
and the superiority of its program- 
ming flexibility. 

A-V sequential pacing main- 
tains atrial transport; improving 
hemodynamics and cardiac effi- 
ciency. Regulation of A-V delay 
can also provide superior control 
of certain tachyarmhythmias. 

The CyberLith IV is substan- 
tially smaller than any other A-V 
sequential pacemaker, weighing 
one-third less than its nearest com- 
petitor. Small PolyFlex™ atrial and 
ventricular leads complete the 
CyberLith IV system. Made from 
flexible, durable polyurethane, 


Intermedics CyberLith IV—Brief Summary 


INDICATIONS FOR USE: Implantable cardiac 
pulse generators may be indicated for 
long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 


A-V sequential pacing is specifically 
indicated for treatment of conduction 
disorders which require restoration of both rate 
dnd atrio-ventricular synchrony. A-V 


PolyFlex offers superior acute and 
chronic stabilities. 

The multi-programmable 
CyberLith IV offers 15 rates and 15 
pulse width settings in all three 





modes (DVI, VVI, DOO). Any of 
seven sensitivity levels are pro- 
grammable in the two demand 
modes. The standard series 522 
CyberLith Programmer permits 


sequential pacing is also indicated for patients 
with extensive myocardial infarction with A-V 
block and sinus bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: 
There are no known contraindications to the 
use of pacemakers as a medical method for 
control of heart rate. Body rejection 
phenomena, local tissue reaction or skin 
necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have 
been reported. 


PRECAUTIONS: See the "Cautionary Notes" 
section of the Physician's Manual for the 


selective noninvasive program- 
ming over the full range of pro- 
grammable parameters. 

When A-V sequential pacing 
is the optimum solution for your 
patients, choose the best system 
available: CyberL ith IV from 
Intermedics. 

For more information on the 
CyberLith IV A-V sequential pac- 
ing system, contact your nearest 
Intermedics sales representative 
or call us toll free at 800-231-2330 


lntermedics lnc 


P.O. Box 617 

Freeport, Texas 77541 
Tel: (713) 233-8611 

Toll free: 1-800-231-23. 
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Our business is life™ 


Intermedics cardiac pulse generator to 
be implanted. Discussion includes Possible 
Complications, Environmental Hazards 
(electrocautery, diathermy, defibrillation, 
microwave ovens, home appliances, and 
industrial and special environments), and 
Effects of Drugs on Cardiac Pacing. 


CyberLith® is a registered trademark of 
Intermedics, Inc. 

PolyFlex™ is a trademark of Intermedics, Ir 

$1981 Intermedics, Inc. 


For ventricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 


4 Greater GI tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 


o Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
Salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individua! needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by V» to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night wil! be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1978, THE PURDUE FREDERICK COMPANY/ NORWALK, CT 06856 C8207 211278 
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Symposium: Future Directions in Exercise Testing and 
Exercise Electrocardiography—ll 
Victor F. Froelicher, MD, FACC and Paul L. McHenry, MD, FACC, Guest Editors 
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ALDOME Euernwibonivsr 
well matched to the profile of < 


With increasing age... 
Incidence of certain 
concurrent disorders increases 


ALDOMET may be used in a 
wide range of older hyperten- 
sives, including those with: 


* bronchospastic disease, 
including asthma 

* ventricular hypertrophy/ 
cardiac failure* 

* peripheral vascular disease 

* diabetes mellitus 

* allergic rhinitis | 

* hyperuricemia/gouty arthritis 

* sulfonamide hypersensitivity 











compliance often a problem 


ALDOMET provides b.i.d. 
dosage convenience for 
many patients. 


renal function often 
diminished 

ALDOMET usually does not 
reduce glomerular filtration 
rate, renal blood flow, or 
filtration fraction. 


judicious exercise desirable 


With ALDOMET, cardiovascu- 
lar response to exercise 
usually is normal. 


*Edema (and weight gain) may occur and may usually - 
be relieved by use of a diuretic. Discontinue methyldopa 
if edema progresses or signs of heart failure appear. 
tMethyldopa is largely excreted by the kidney, and patients 
with impaired renal function may respond to smaller doses. 


Copyright ©1981 by Merck & Co.. Inc. All rights reserved. 
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» wide range of older hypertensives 


ability to autoregulate cere- 
(07 —— bral blood flow with postural 
changes often decreased 


Cardiac output and heart rate 
usually normal 


total peripheral resistance 
usually high 


ongoing therapy usually 
required 





plasma renin activity usually fn 14 tw 
low but may be normal or high f + UN 


ALDOMET is contraindicated in active hepatic occurrences of hemolytic anemia or liver disorders 
disease, hypersensitivity to the drug, or if could lead to potentially fatal complications unless 
previous methyldopa therapy has been associated properly recognized and managed. 

with liver disorders. Syncope in older patients may be related to an 

It is important to recognize that a positive Coombs increased sensitivity and advanced arteriosclerotic 
test, hemolytic anemia, and liver disorders may vasCular disease. This may be 

occur with methyldopa therapy. The rare avoided by lower doses. 


For a brief summary of prescribing information, please see following page. 








Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 

Warnings: It is important to recognize that 2 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 


EL uni could lead to potentially fatal complica- 
ions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not initself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
Atthe start of methyldopa therapy, itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
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match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy. 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase. serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury toa 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method, 
serum creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
itis important to recognize this phenomenon before a 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


For hypertension 


ALDOMET’ 


(METHYLDOPA | MSD 


well matched to the 
profile of awide range 
of older hypertensives 


lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 
Adverse Reactions: Central nervous system: Seda- 
tion. headache, asthenia or weakness, usually early 
and transient: dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements; psychic 
disturbances. including nightmares and reversible 
mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear. ) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sore or “black” tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 
Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatoid factor. 
Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 
Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 
Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy: 
increased dosage or aded a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 
How Supplied: Tablets. containing 125 mg methyl- 
dopa each, in bottles of 100; Tablets, containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
ts mg methyldopa ous D de packages of 
100 and bottles of 100 and ; 
For more detailed information, con- M SD 
sult your MSD representative or see (AA 
full prescribing information. Merck ERCK 
Sharp & Dohme, Division of Merck & HAR 
Co., Inc., West Point, Pa. 19486 DOHM 
J1AM36(709) 
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It makes good sense for large 
and small hospitals, clinics and 
private practices to share full- 
time computerized ECG services. 
It's a sound financial answer to 
cost-containment. 

The question is — what 
computerized 
ECG system is 
best suited to 
sharing? 

Burdick's 
BETA system is the answer. It 
represents a remarkable advance 
in computerized ECG technology. 


INSTALL BETA NOW 

WITHOUT THE HIGH COST 

OF PURCHASED EQUIPMENT. 
Several payment arrange- 

ments are available — including 
lease or fixed-term contract. All 
Burdick requires is a place to put 
the BETA system near your 
cardiology department. We plan 
the system that best meets your 
needs and ECG volume. 


SHARED ECG SERVICES CAN 





































BETA presents an oppor- 
tunity for small as well as large 
medical centers to offer compre- 
hensive, cost-effective cardiology 
service. If desired, the host 
hospital's cardiology staff can 
provide over-reading and further 
consultation to satellite hospitals, 
setting up excellent referral 
patterns within the system. 


i 
urdick 


concern for cardiac care. 
he Burdick Corporation, 
ilton, Wisconsin 53563. 





‘SERVICES 





BRING FINANCIAL RETURNS. 


WhyBurdicks 


new computerized 


ECG analysis 





BURDICK TAKES CARE OF 
TRAINING AND SERVICE. 
The BETA system is 

supported through Burdick's own 
Medical Diagnostic Services 
Division, and backed with its own 
computer service team to ensure 
full-time operation. We'll train 
your ECG technicians to operate 
our complete BETA system — 
from ECG carts to computer. 


SMALL MEDICAL CENTERS 

HAVE TOTAL ACCESS TO HOST 
HOSPITAL CAPABILITIES. 
Every installation in the 

system can share all of BETA’s 
capabilities. Burdick will take 
care of installation, service, and 
maintenance. Thus, several 
medical facilities can share one 
BETA system without the burden 
of capital expense for individual 
systems. 


GET THE MOST ADVANCED 
ECG ANALYSIS SYSTEM 
YOU COULD EVER SHARE. 


BETA is the only system that 


cA 
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We 


$3 
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system makes 
sense in today's 
economy. 





routinely stores and retrieves 
optically and numerically correct 
ECGSs, virtually eliminating data 
compression and making 
accurate re-analysis possible. 

BETA is the only system with 
12-lead scalar and optional three- 
dimensional vector data in a 
single analysis to deliver a more 
complete and accurate diagnosis. 

All editing on the BETA video 
display terminal is done in plain 
language, anywhere in the text. 
Several levels of data security 
assures complete privacy of 
patient information. 

Burdick will work with you 
to develop the most economically 
sensible way to share the most 
advanced ECG analysis system 
available — BETA. 

For the complete story on 
how Burdick's remarkable BETA 
system can work for your medical 
facility, call toll-free 800-356-0701 
(In Wisconsin 608-868-7631), or 
Burdick's Medical Diagnostic 
Services Division 215-322-5225.. 
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Each capsule 
contains 50 mg. of 
Dyrenium® (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 








Before prescribing, see complete prescribing information 
in SK&F Co. literature or PDR. The following is a brief 


summary. 


WARNING 


This drug is not indicated for initial therapy of edema or 
hypertension. Edema or hypertension requires therapy 
titrated to the individual. If this combination represents 
the dosage so determined, its use may be more con- 
venient in patient management. Treatment of hyperten- 
| sion and edema is not static, but must be reevaluated as 
. conditions in each patient warrant. 
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tStep 1 usually consists of an initial phase (a diuretic 
alone), a titration phase (dosage adjustment and/or 


addition of a K+ supplement or K+-sparing agent), and a 
maintenance phase (a diuretic alone or in combination 
with a K+ supplement or K+-sparing agent). 


amterene may appear in breast milk. If their use is essential, 
the patient should stop nursing. Adequate information on 
use in children is not available, Sensitivity reactions may 
occur in patients with or without a history of allergy or bron- 
chial asthma. Possible exacerbation or activation of systernic 
lupus erythematosus has been reported with thiazide 
diuretics, 


Precautions: Do periodic serum electrolyte determinations 
(particularly important in patients vomiting excessively or 
receiving parenteral fluids). Periodic BUN and serum creat- 
inine determinations should be made, especially in the 
elderly, diabetics or those with suspected or confirmed renal 
insufficiency. Watch for signs of impending coma in severe 
liver disease. If spironolactone is used concomitantly, deter- 
mine serum K* frequently; both can cause K * retention and 
elevated serum K*. Two deaths have been reported with 
such concomitant tarapy (in one, recommended dosage 
was exceeded; in the ot 
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Serum K+ and BUN should be checked periodically (see Warnings). 


Cautiously and serum potassium levels determined. Discon- 
tinue corrective measures and 'Dyazide' should laboratory 
values reveal elevated serum potassium. Chloride deficit 
may occur as well as dilutional hyponatremia. Serum PBI 
levels may decrease without signs of thyroid disturbance. 
Calcium excretion is decreased by thiazides. ‘Dyazide 
ees be withdrawn before conducting tests for parathyroid 
unction. 


Diuretics reduce renal clearance of lithiurn and increase the 
risk of lithium toxicity. 


Adverse Reactions: Muscle cramps, weakness, dizziness, 
headache, dry mouth; anaphylaxis, rash, urticaria, photo- 
sensitivity, purpura, other dermatological conditions; nausea 
and vomiting, diarrhea, constipation, other gastrointestinal 
disturbances. Necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, xanthopsia and, rarely, allergic pneurnonitis have 
occurred with thiazides alone. Triamterene has been found 

in renal stones gn association with other usual calculus 
components. Rare incidents of acute interstitial nephritis and 

of impotence have been reported with the use of 'Dyazide , 
although a causal relationship has not been established. 
Supplied: Bottles of 1000 capsules; Single Unit Packages l 
(unit-dose) of 100 (intended for institutional use only); in 
Patient-Pak™ unit-of-use bottles of 100. 
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INDICATIONS— Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows 


"Possibly" effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 
frequency or eliminate anginal episodes, Improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginal attack 


Final classification of the less-than-effective indica- 
lions requires further investigation 


CONTRAINDICATIONS—No specific 
contraindications are known 


PRECAUTIONS—Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No 
5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain susceptible-in- 
dividuals. The incidence of sensitivity 

s generally low, but frequently seen in 
patients with aspirin hypersensitivity 


ADVERSE REACTIONS— Adverse reac- 
ions are minimal and transient at 


recommended dosages. Instances of 
headache, dizziness, nausea, flushing,e 
weakness or syncope, mild gastroin- 
testinal distress and skin rash have been 
noted during therapy. Rare cases of 
what appeared to be an aggravation of 
angina pectoris have been reported. 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms 


DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 


TN 

(R) 
three times a day, taken at least one 
hour before meals. In some cases 
higher doses may be necessary but a 
significantly increased incider 9f 


effects is associated with increased 


dosage. Clinical response may not be 
evident before the second or third 
month of continuous therapy 


Tablets of 25 mg and 75 m 


For complete details, please see the full 
prescribing informat 
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@ ready in seconds instead of minutes ; 
— fast dissolution so unique it’s patented* 


pleasant citrus flavor 


each packet delivers 20 mEq of potassium 
and chloride 


easily carried in patient's pocket or purse 


can be mixed with water or other liquid for 
pleasant daily dosage 


sugar, sodium, carbohydrate and dye free 


Give your patients the KLORVESS sparkle 


Please see brief summary of prescribing information on adjoining page. 
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the KLORVESS sparkle 


Klorvess® Effervescent Granules and 
Klorvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: K/orvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescentformulation. Dissolution ofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 109; Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: Inresponseto arise in the concentration of body 
potassium, renal excretion ofthe ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of K/orvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
Granules: Adults— One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 10% Liquid: Adults— One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under "Contraindications" Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: K/orvess Effervescent Granules— packages of 
30 packets (2.8 g each). Klorvess (potassium chloride) 1095 Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: Klorvess Effervescent 
Granules— packages of 1000 packets; Klorvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 ml Unit- 
Dose bottles. 


(For complete details, please consult full prescribing information) 
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CLINICAL STUDIES 


1189 Preponderance of Acute Proximal Left Anterior Descending Coronary Arterial Lesions in Fatal 
Myocardial Infarction: A Clinicopathologic Study 


EDWARD H. SCHUSTER, LAWRENCE S. GRIFFITH and BERNADINE H. BULKLEY 


This study confirms that the atherosclerotic plaque that develops in the proximal portion of the left anterior de- 
scending coronary artery is most apt to cause a fatal myocardial infarction. Of 77 autopsy patients who died of 
acute myocardial infarction, 47 (61 percent) had an acute lesion involving the left anterior descending coronary 
artery, 6 (8 percent) the mid or distal left anterior descending coronary artery, 14 (18 percent) the right coronary 
artery and 5 (6 percent) the circumflex coronary artery. The amount of infarcted myocardium in the hearts with 
acute proximal left anterior descending coronary arterial lesions was somewhat more extensive but not signifi- 
cantly different from that of hearts with other acute coronary lesions. In 50 survivors of myocardial infarction 
who underwent cardiac catheterization, proximal left anterior descending coronary arterial disease accounted 
for only 17 percent of critical narrowings and only 22 percent of nonfatal infarcts. The anteroseptal myocardium, 
either because of the location of the conduction system or because of a propensity to arrhythmias, may have 
certain critical qualitative differences which account for the increased hazard of occlusion of the proximal left 
anterior descending artery. 


1197 Repeated 1 Hour Electrocardiographic Monitoring of Survivors of Myocardial Infarction at 6 Month 
Intervals: Arrhythmia Detection and Relation to Prognosis 


WILLIAM RUBERMAN, EVE WEINBLATT, CHARLES W. FRANK, JUDITH D. GOLDBERG and 
SAM SHAPIRO 


Repeated 1 hour electrocardiographic monitoring of a cohort of 1,739 male survivors of myocardial infarction 
at 6 month intervals for a total of four studies including the baseline study disclosed complex ventricular beats 
during each hour of recording in 25 percent of the men. Those demonstrating these complex forms were three 
times as likely to show them in a subsequent monitoring hour. The risk of sudden death was 13 to 17 percent in 
these men compared with 6 percent in men without the complex beats. Runs of ventricular premature beats are 
significant harbingers of sudden death. The extremely high risk associated with the presence of runs of ventricu- 
lar premature beats is consistent with the hypothesis that such an arrhythmia is uniquely related to risk of ven- 
tricular fibrillation. 


1205 Patients With Congestive Cardiomyopathy As Cardiac Transplant Recipients. Indications for and 
Results of Cardiac Transplantation and Comparison With Patients With Coronary Artery Disease 


LEWIS A. HASSELL, ROBERT E. FOWLES and EDWARD B. STINSON 


Cardiac transplantation, with an expected 1 year survival rate of 70 percent and an annual attrition rate of 5 per- 
cent thereafter, has become a relatively successful mode of treatment for patients with various types of end- 
stage heart disease. Results in 46 patients with congestive cardiomyopathy and in 39 with coronary artery dis- 
ease studied between 1971 and 1978 at Stanford University show a similar 1 year survival rate in both groups. 
The 3 year survival rate for cardiomyopathy-transplant patients since 1974 was nearly 60 percent in contrast to 
the 1 year survival rate of 23 percent and a 3 year survival rate of 4 percent in 36 similarly ill patients with con- 
gestive cardiomyopathy not undergoing transplantation. Cardiomyopathy-transplant patients under age 40 had 
fewer deaths due to rejection (17 percent) compared with older patients in this group (36 percent). These results 
support cardiac transplantation as an effective treatment for end-stage congestive cardiomyopathy. 
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This is where we started. 


This is where we are: 


LEADING IN TECHNOLOGY— Since we 
developed the equipment that monitored the astronauts’ 
vital signs, we've repeatedly led the industry in techno- 
logical innovation — by pioneering telemetry, modular 
patient monitors, digital communications in monitoring 
systems and microprocessor-based arrhythmia detection. 


LEADING THE MARKET — For 20 years we've been designing 
advanced technology and superior features into our systems. And today 
we are the second largest and fastest growing patient monitoring company 
in the world. 


COMMITTED TO CARDIOVASCULAR CARE— Squibb 
Corporation singled out Spacelabs to be part of the Squibb Cardio- 
vascular Group, part of that billion-dollar corporation s commitment to 
improving cardiovascular care. 


Spacelabs is the monitoring company with state-of-the-art technology 
and a corporate commitment to meeting your needs today and 

in the future. Call (213) 882-9560 to find out how we can help you. 

Or write to us at 20550 Prairie Street, Chatsworth, California 91311. 
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A SQUIBB CARDIOVASCULAR 
GROUP COMPANY 





Why treat hypertensie 
heart ahr. 


where the basic problem is 
increased peripheral resistance 


Most patients with sustained hypertension have normal 
cardiac output and an elevated total peripheral vascular resistance. 
Reducing cardiac output, as beta blockers do, lowers blood pressure 
but does not seem to correct the primary abnormality—increased 
peripheral resistance: 

MINIPRESS lowers elevated blood pressure through reduction 
of total peripheral resistance. 

MINIPRESS, the selective postsynaptic alpha blocker, is 
recommended for Step 2 Therapy by the Joint National Committee 
on the Detection, Evaluation, and Treatment of High Blood 
Pressure. 
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Viinipress 


(OSIN HCI Capsules 1mg 2 mg 5 mg 


= Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 


= Maintains cardiac output which allows 
patients to maintain an active life style. 


=a Maintains renal blood flow and glomerular 
filtration rate so it can be used effectively 
even in patients with renal impairment. 


s Not a CNS agent so patients experience 
few of the troublesome CNS side effects 
that impair their quality of life. 


= Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
vides blocker therapy. 


= A small percentage of patients have 
experienced orthostatic hypotension and 
syncope. 


BRIEF SUMMARY 
MINIPRESS*? (prazosin hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treatment 
of hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
patient response. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due to an excessive 
postural hypotensive effect, although occasionally the syncopal episode has been 
preceded by a bout of severe tachycardia with heart rates of 120-160 beats per minute. 
Syncopal episodes have usually occurred within 30 to 90 minutes of the initial dose of 
the drug; occasionally they have been reported in association with rapid dosage 
increases or the introduction of another antihypertensive drug into the regimen of a 
patient taking high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 196 in patients given an initial dose of 2 mg or 
greater. Clinical trials conducted during the investigational phase of this drug suggest 
that syncopal episodes can be minimized by limiting the initial dose of the drug to 1 mg, 
by subsequently increasing the dosage slowly, and by introducing any additional 
antihypertensive drugs into the patient's regimen with caution (see DOSAGE AND 
ADMINISTRATION). Hypotension may develop in patients given MINIPRESS 
who are also receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
supportively as necessary. This adverse effect is self-limiting and in most cases does not 
recur after the initial period of therapy or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS (prazosin 
hydrochloride). The 2 and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated with 
lowering of the blood pressure, namely, dizziness and lightheadedness. The patient 
should be cautioned about these possible adverse effects and advised what measures to 
take should they develop. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur dusing the initiation of MINIPRESS (prazosin 
hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 
established. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 
women unless the potential benefit outweighs potential risk to mother and fetus. 


Usage in Children: No clinical experience is available with the use of MINIPRESS 
(prazosin hydrochloride) in children. 


ADVERSE REACTIONS: The most common reactions associated with MINIPRESS 
(prazosin hydrochloride) therapy are: dizziness 10.396, headache 7.896, drowsiness 
7.6%, lack of energy 6.9%, weakness 6.5%, palpitations 5.396, and nausea 4.996. In 
most instances side effects have disappeared with continued therapy or have been 


tolerated with no decrease in dose of drug. 


B.I. D. Dosage Titration... 
the Key to Effective | 
Control of Hypertension 


The usual maximum daily dosage is 20 mg 

in divided doses, although a few patients may benefit 
from increases up to 40 mg daily in divided doses. 
Initiate therapy with evening dose. 
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The following reactions have been associated with MINIPRESS (prazosin hydrochto- 
ride), some of them rarely. (In some instances exact causal relationships have not been 
established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/or 
pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinary frequency, incontinence, impotence, priapism. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestuon. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have been reported. In these instances, the exact 
causal relationship has not been established because the baseline observations were 
frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate baseline 
examinations, no drug-related abnormal ophthalmological fi ndings have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: | mg two or three times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly employed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few patients may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use Witb Otber Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or 2 mg 
three times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and unit dose 
institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438). capsules in 
bottles of 250, 500 and unit dose institutional packages of 100 (10 x 10's). 

References: 1. Lowenthal DT, Whiteman MS: Hypertension & Exercise, in Lowenthal 
DT, Bharadwaja K, Oaks WW (eds): Therapeutics Through Exercise: 51st Hahnemann 
Symposium. New York, Grune & Stratton, Inc, 1979, pp 133-144. 2. Lund-Johansen P: 
Hemodynamic alterations in hypertension—spontaneous changes and effects of drug 
therapy: A review. Acta Med Scand (suppl) 603:1-14, 1977. 


More detailed information available on request. 
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1210 Exercise-Induced Angina Provoked by Aspirin Administration in Patients With Variant Angina 
KUNIHISA MIWA, HIROFUMI KAMBARA and CHUICHI KAWAI 


Controlled trials in eight patients with variant angina during the administration of oral placebo and aspirin (4.0 g/ 
day) suggest that aspirin in this large dose reduces the capacity of these patients for exercise on the treadmill 
and provokes exercise-induced arterial spasm. Whereas an exercise stress test performed in the morning was 
positive in only two of seven patients during placebo therapy and negative at the same work load in the after- 
noon; during aspirin administration the afternoon exercise test repeatedly provoked anginal attacks associated 
with S-T segment elevation in five patients and S-T depression in two. The frequency of angina increased mark- 
edly during aspirin administration. These results confirm that large doses of aspirin aggravate variant angina by 
blocking prostaglandin I> synthesis. In patients with danger of coronary spasm it appears preferable to use small 
doses of aspirin that suppress thromboxane A» synthesis in the platelets, but not the synthesis of prostaglan- 
din Io. 


1215 Forward Stroke Volume Calculated From Aortic Valve Echograms in Normal Subjects and Patients 
With Mitral Regurgitation Secondary to Left Ventricular Dysfunction 


BETTY C. CORYA, SUSAN RASMUSSEN, JOHN F. PHILLIPS and MARY JO BLACK 


As shown in this study, aortic valve echograms can be used clinically to measure forward stroke volume in pa- 
tients without aortic valve disease and a stroke volume ranging from 14 to 116 cc. Stroke volume and cardiac 
output can be quantitated with an accuracy equivalent to but no better than that obtained with Fick or thermodilu- 
tion methods. The validity of these echocardiographic methods for quantitating mitral regurgitant fraction re- 
mains to be proved, but the data in this Study suggest that the difference between mitral valve and aortic valve 
volumes should be a measure of mitral regurgitant flow. However, the echocardiographically calculated regurgi- 
tant fraction did not predict the clinical degree of mitral regurgitation as assessed from loudness of the murmur. 
The presence or absence of ventricular dyssynergy did not alter statistical findings. 


EXPERIMENTAL STUDIES 


1223 Effects of Procainamide on Strength-Interval Relations in Normal and Chronically Infarcted Canine 
Myocardium 


ERIC L. MICHELSON, JOSEPH F. SPEAR and E. NEIL MOORE 


In this canine model of chronic myocardial infarction procainamide either prevented the reinitiation of sustained 
ventricular tachyarrhythmia or slowed the cycle length of the ventricular tachyarrhythmia that could still be ini- 
tiated. Its most prominent effects were to decrease the excitability of abnormal myocardium during the relative 
refractory period and to prolong the refractoriness of abnormal myocardium. Its antiarrhythmic activity was not 
explained by an effect on the excitability or refractoriness of normal myocardium, changes in the diastolic exci- 
tability of infarcted tissue or effects on the dispersion of refractoriness. This study supports evidence that pro- 
cainamide's effects in prolonging the cycle length of a sustained ventricular tachyarrhythmia or the coupling in- 
tervals of the earliest beats initiating the tachycardia or in preventing reinitiation of the arrhythmias may be large- 
ly mediated by its effects on abnormal myocardium. 


1233 Characterization of the Lateral Interface Between Normal and Ischemic Tissue in the Canine Heart 
During Evolving Myocardial Infarction 


DEREK M. YELLON, DAVID J. HEARSE, RENATA CROME, JON GRANNELL and RICHARD K. H. WYSE 


Using a new device for the retrieval of multiple contiguous biopsy specimens, this study of metabolism and flow 
geometry in the lateral plane of six dog hearts 30 minutes after coronary arterial ligation indicates the presence 
of a sharp interface of flow and metabolism between normal and ischemic tissue rather than a quantitatively sig- 
nificant and spatially identifiable “border zone” region. Presumably as a consequence of collateral circulation, 
blood flow is also rarely if ever reduced to zero in the dog heart even in the case of an'ischemic area created by 
multiple coronary arterial ligation. The absence of a lateral zone of intermediate injury in the epicardial tissue 
raises important questions in relation to target cells for therapeutic protection. However, extrapolation of these 
results in dogs to the human heart should be done only with great caution because of the many differences be- 
tween a dog heart with multiple coronary arterial ligation and the human heart with partial coronary arterial oc- 
clusion or diffuse ischemic heart disease. 


continued on page A20 
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—.. Short of angiography, you can't Cardiokinetics. It is specifically de- the statistical confidence of the estimate. 
ok into a man's heart. So as a physi- signed to aid physicians in the clini- Depending upon the tests run, it can 
ian, you have to predict the presenceof — cal decision-making process. By also supply you with the implied location 
eart disease using the clues available utilizing Bayes Theorem of conditional and severity of the disease (if present) 
you: the patient's history, test results probability (based on the pooled re- and the calculated risk of future coro- 
nd your own experience. You're con- sults of medical literature currently nary events. Atwo-page printed lab 
tantly seeking new informationto make available), CADENZA can provide the report recaps the statistical analysis 
our diagnosis more accurate. physician with a statistical analysis of and input data. 

—. Probability analysis is an integral the probability of disease based on a CADENZA can't make decisions 
art of that decision making process. patient's specific test data and pre-test or replace your judgement. But for the 
3u use it every time you make a diag- probability of disease. first time, it allows you to have a com- 
Osis, every time you decide to order The program evaluates pre-test prehensive statistical analysis specifi- 
nother test. risk factors as well as the prevalence cally calculated for your patient. 

For example, take the caseofa55 . ofdisease according to age. sex and Take the patient above, for exam- 
ear old man who has a systolic blood symptomatology. Then it assesses ple. A CADENZA report of probability, 
ressure of 132, a serum cholesterol of specific test results from any number or based on the limited information at hand, 
40 mg/% and chest pain which combination of different tests. Within min- would look like this: 


dU consider not to be anginal in nature. ^ utes, it provides you with the probability 


t . FREQUENCY DISTRIBUTION OF LIKELIHOOD 
of disease, graphically expressed, and CES 
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CAN YOU PREDICT 
THE PROBABILITY OF 
CORONARY ARTERY = = 
DISEASE? -r 


For this patient, you'd most 
«ely predict a low to moderate 
robability of disease. But chances 
re, you d want more information. 

You just used probability 
nalysis. Physicians have been 
sing itfor as long as they ve been 
lagnosing disease. But now, there's 
way to quantify that analysis: 
ADENZA by Cardiokinetics. 

CADENZA is a unique, 
mple-to-use computer program 
vailable as either software for APPLE 
nicrocomputers, or as a service from 


0 24 -4 -6 .8 1 
= LIKELIHOOD + 


CORONARY ARTERY DISEASE LIKELIHOOD 207 
STANDARD ERROR OF THE ESTIMATE 080 
90% CONFIDENCE INTERVAL 086 to 344 
DIAGNOSTIC INFORMATION CONTENT: 23%(P=.0009) 


The further the curve is to the right, 
the greater the probability of disease. 
The smaller the enclosed area, the more | 
confident the assessments. 

In this case, a probability of 20% is 
higher than average for his age and sex. 
So you might run a stress test. 





HAS AN ABNORMAL 

ECG STRESS TEST? 
At 8 minutes, ST segment depres- 

sion of 1.0 MM with a horizontal slope 

was noted. Heart rate at onset was 

158. What's your projection? Here's 

CADENZA's: 
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.4 -6 - 
> LIKELIHOOD + 
CORONARY ARTERY DISEASE LIKELIHOOD 508 
STANDARD ERROR OF THE ESTIMATE .261 


90% CONFIDENCE INTERVAL 12510.878 
DIAGNOSTIC INFORMATION CONTENT. 1%(P=.4858) 


Probability goes up. But so does 
the standard error of the estimate. Be- 
cause for patients with a low or inter- 
mediate pre-test likelihood of disease, 
a positive stress test has low predictive 
accuracy. ':2 

There's a 5096 chance the patient 
has CAD— and a 50% chance the pro- 
jection is wrong. 

A second test is indicated. 
Perhaps you would order thallium 
scintigraphy. 


WHAT IS YOUR PREDICTION 
. IF THE PATIENT HAS AN 
ABNORMAL THALLIUM STUDY? 


Test results indicated marked 
regional hypoperfusion. What's your 
analysis? Here's CADENZA's: 


FREQUENCY DISTRIBUTION OF LIKELIHOOD 





c .4 .6 -= 
— LIKELIHOOD + 


CORONARY ARTERY DISEASE LIKELIHOOD 965 
STANDARD ERROR OF THE ESTIMATE 039 
90% CONFIDENCE INTERVAL 878 to 1 00 
DIAGNOSTIC INFORMATION CONTENT: 60% (P< 0001) 


— 


Diamond, G.A., Forrester, J.S.: Analysis of Prob- 
ability as an Aid in the Clinical Diagnosis of Coronary 
Artery Disease. N. Eng!. J. Med. 300: 1350-1358 
(June 14), 1979 

Diamond, G.A., Forrester, J.S.. Hirsch, M., Staniloff, 


m 


H.M., Vas. R., Berman, D.S., Swan, H.J.C.: Applica- 
tion of Conditional Probability Analysis to the Clinical 
Diagnosis of Coronary Artery Disease. J. Clin. Invest, 
65. May 1980: 1210-1221 

. Silverberg R.A., Diamond, G.A., Vas R., et al: Nonin- 
vasive Diagnosis of Coronary Artery Disease: The 
Cardiokymographic Stress Test. Circulation 61. 
No. 3, 1980: 579-589 
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Coronary artery disease likelihood is 
over 96% with a standard error of 
only 4%. 

But what if you'd run a different 
second test instead of a nuclear study? 
Atestthat can indicate left ventricular 
wall motion dysfunction? A less expen- 
sive test that could be performed right in 
your office? 


WHAT WOULD THE 
PROBABILITY BE IF YOU'D RUN 
A CARDIOKYMOGRAPH (CKG) 
INSTEAD? 


Let's run one and see. Atrest, test 
results showed normal inward systolic 
motion. With exercise, the patient de- 
veloped abnormal holosystolic outward 
motion. What does that tell you about 
the probability of disease? Here's a 
CADENZA report: 


FREQUENCY DISTRIBUTION OF LIKELIHOOD 





e -4 -6 
— LIKELIHOOD + 
CORONARY ARTERY DISEASE LIKELIHOOD 900 
Dri A ERROR OF THE ESTIMATE 114 


% CONFIDENCE INTERVAL 670to 1.00 
DIAGNOSTIC INFORMATION CONTENT: 38% (P= 0070) 


For practical purposes, the results 
are essentially the same. Both scintig- 
raphy and cardiokymography indicate 
a 90% likelihood of disease 
with high confidence. 

So why order a 
CKG? For cost and 
efficiency. 





P" ud 


ith. RBQWVAWARWAFKARS. VLYVUITY ILLUS 

CKG provides the physician with 
easy to interpret analog representati 
of left ventricular wall motion. 

The Cardiokymograph is techni 
simple, quick, totally non-invasive ant 
low in cost. A 





You won't have to wait for test re 
sults either. Cardiokymography can k 
performed right in your office along w 
a routine exercise stress test. It takes: 
more additional time than a resting elk 
trocardiogram. And in combination w 
an ECG stress test, you get very high 
predictive accuracy.? 

If you're already conducting stri 
tests in your office, CKG and CADEN; 
are the logical next step to on-site mul 
ple testing. And you can have both foi 
far less than you'd expect. 

Find out more. Call Cardiokineti 
toll free at 1-800-426-0089 and ask fo! 
your free CADENZA probability analy 
and a demonstration of cardiokymog: 
raphy. Or write to: 


C/ANT3DIOKINCGTICA 


CAHDIOKINETICS INC. * 710 NINTH AVENUE 1 
SEATTLE. WASHINGTON 98108 * (206) 625-11 













240 Defining the Anatomic Perfusion Bed of an Occluded Coronary Artery and the Region at Risk to 
Infarction. A Comparative Study in the Baboon, Pig and Dog 


GRAYSON G. GEARY, GREGORY T. SMITH and J. JUDSON McNAMARA 


Because infarct size may show considerable inherent variability despite coronary occlusion at the same anatom- 
ic site, these investigations applied the techniques of direct and defect dye delineation to the problem in a com- 
parative study in the baboon, pig and dog and found that these methods accurately defined the anatomic perfu- 
sion bed of the occluded coronary artery. The anatomic perfusion bed corresponds to the region of myocardium 
undergoing acute ischemic injury and is the region at risk to infarction immediately after coronary occlusion in 
these species. Examination of the left ventricular cross sections in all these species showed that the capillary 
beds supplied by adjacent coronary arteries are readily demarcated and appear to be anatomically independent. 
Epicardial S-T segment mapping defined the region at risk of infarction in the baboon and pig hearts. The baboon 
and pig hearts have negligible early collateral support to the perfusion bed of the occluded coronary artery. How- 
ever, in the dog, significant early collateral support preferentially to the subepicardium produces a decrease in 
the region of ischemic injury over the 30 minute period of occlusion. 


1248 Reduction of Thrombosis in Canine Coronary Bypass Vein Grafts With Dipyridamole and Aspirin 
MIGUEL JOSA, J. T. LIE, RICHARD L. BIANCO and MICHAEL P. KAYE 


These data in dogs confirm that a combined regimen of dipyridamole and aspirin effectively reduces early throm- 
bosis of coronary arterial-vein bypass grafts. Severe alterations of the vein wall during the operation predispose 
the vessel to early postoperative intraluminal thrombosis. The data further suggest that the use of such antiplate- 
let drugs to reduce the incidence of early graft occlusion may improve the results of coronary arterial surgery in 
human subjects. 


METHODS 


1255 Transvenous intracardiac Echocardiography 
EPHRAIM GLASSMAN and ITZHAK KRONZON 


: intracardiac echocardiography, using a specially designed M mode transducer capable of passing through an 8F 

f cardiac catheter or a 17 gauge transseptal needle, proved a safe, valuable adjunct to conventional echocardiog- 
raphy and cardiac catheterization in 20 patients. The technique permitted visualization and measurement of left 
atrial, aortic root and right atrial cavity size, pulmonary arterial diameter at various sites, right ventricular wall 
thickness and the width of a pericardial effusion. It also permitted visualization of the tricuspid, pulmonary and 
aortic valves and displayed their motion. Besides recording structures difficult or impossible to record with rou- 
tine external echocardiography, this technique also improved the safety of transseptal cardiac catheterization. 


1260 Subcostal Echocardiography to Determine Right Ventricular Pacing Catheter Position and Control 
Advancement of Electrode Catheters in Intracardiac Electrophysiologic Studies. M Mode and Two 
Dimensional Studies 


NIKSA DRINKOVIC 


Evaluation of M mode and two dimensional echocardiographic examinations from four different locations in 30 
patients with a permanent transvenous pacemaker catheter positioned at the right ventricular apex revealed that 
subcostal M mode echocardiography had a higher detection rate of the pacing catheter than did the precordial 
M mode examination. The position of the pacing catheter could not be determined from any of the locations by 

- the M mode technique. On the other hand, subcostal two dimensional echocardiography demonstrated the full 
length of the pacing catheter in the right heart chambers, its anatomic position in all patients and complications 
related to the presence of the right ventricular pacing catheter. Subcostal two dimensional echocardiography 
also showed advantages over fluoroscopy in determining pacing catheter position and in controlling the ad- 
vancement of electrode catheters in intracardiac electrophysiologic studies in another 20 subjects. 


PEDIATRIC CARDIOLOGY 


4267 Role of M Mode Echocardiography in Congenital Aortic Stenosis 
ZOE KECECIOGLU-DRAELOS and STANLEY J. GOLDBERG 
In this randomized sample of 28 children with aortic valve stenosis and 90 children with a normal aortic valve on 


cardiac catheterization, M mode echocardiography had limited usefulness in diagnosing congenital aortic steno- 
sis. None of the currently used criteria—eccentricity index, increased leaflet thickness, multiple diastolic Cusp 


continued on page A30 


SQUIBB RESEARCH 
ANNOUNCES 


=> The first and only 
angiotensin 
converting enzyme 


(ACE) inhibitor 


CAPOTEN 


(captopril tablets) 


SQUIBB 


See last page of this advertisement for brief summary. 





A new 
pharmac 





SQUIBB 


ologic approach 


to blood pressure control 


Mode of action — 
A pharmacologic design 


Angiotensinogen 
Angiotensin | 


SSSSOSSSSSOSESOESSSSSESSESEBESSE 
* 


Converting 
Enzyme 






Action of 
CAPOTEN ? 
(captopril tablets) 
competitively 
inhibits 
angiotensin 
converting 
enzyme 


4---- 


Angiotensin Il 


Vasoconstrictive : 
Activity 


Aldosterone 
Secretion 


A 
Increased Total 
: Peripheral Resistance 


Sodium & Water 
Retention 


b .. A A r . LE 
Increased 
Blood Pressure 





Please see brief summary on the last page of this 
advertisement for INDICATIONS, WARNINGS, and 
ADVERSE REACTIONS. 


EL eI ESE ST MLE 
References: 1. Tarazi RC, Bravo EL, Fouad FM, et al: Hemodynamic and volume changes asso- 
ciated with captopril. Hypertension 2:576—585, 1980. 2. Fouad FM, Ceimo JMK, Tarazi RC, 
Bravo EL: Contrasts and similarities of acute hemodynamic responses to specific antagonism 

of angiotensin II ({Sar’, Thr*] All) and to inhibition of converting enzyme (captopril). Circulation 
61:163 — 169, 1980. 3. Cody RJ Jr, Tarazi RC, Bravo EL, Fouad FM: Haemodynamics of orally- 
active converting enzyme inhibitor (SQ 14225) in hypertensive patients. Clin Sci Mol Med 
55:453 — 459, 1978. 














Hemodynamic effects — 
A pharmacologic response 










CAPOTEN PRESENTS A FAVORABLE 
HEMODYNAMIC PROFILE IN HYPERTENSION 13 


Total 







Mean 


Peripheral Arterial Heart 
Resistance Blood Pressure Rate 
60 150 100 
140 90 
50 
130 80 
40 
120 70 
30 110 60 
units mm Hg beats/min 


Study I: Immediate [3 Control (Pretherapy) 


Effects (N=13) BB CAPOTEN 
Study Il: Longer- Term C Control (Pretherapy) 
Effects (N=8) ll CAPOTEN 


In two studies of patients with severe essential or renal 
arterial hypertension, the hemodynamic effects of 
CAPOTEN ® (captopril tablets) were analyzed and 
compared to pretherapy (control) values in the same 
subjects. Study I, of 13 patients, showed immediate 
(at 30 minutes) effects; study II, of 8 patients, showed 
effects after five to seven days. 

Total peripheral resistance was markedly reduced in 
association with a decrease in mean arterial pressure. 
There was no significant change in heart rate in early or 
later studies despite the significant reduction of arterial 
pressure in both studies. 

Additionally, cardiac output immediately and after 
several days of administration of CAPOTEN was not 
significantly changed. 


Limitations on use 


Because serious adverse reactions (proteinuria; 
neutropenia/agranulocytosis) have been reported, 
CAPOTEN is indicated for treatment of hypertensive 
itients who, on multidrug regimens, either have 

ailed to respond satisfactorily or have developed 
unacceptable side effects. Usually, multidrug regimens 
include combinations of a diuretic, a sympathetic 
nervous system active agent (such as a beta blocker), 
and a vasodilator. 


NEW ACE* INHIBITOR 


CAPOTEN 


(captopril tablets) - 


An unprecedented achievement 
in the pharmacotherapeutics of hypertension. 
“Angiotensin Converting Enzyme 
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Distinctive clinical results 






CAPOTEN" (captopril tablets) The antihypertensive effects of 
regimens effective when standard CAPOTEN ° (captopril tablets) 


triple therapy (STT) fails in treatment 
of severe refractory hypertension*" 


Percent of Cases 
Total 
Treatment Normalized | Responders | Favorably 
Controlled 


All regimens 
CSE peg ae 000. 


In a 14-week comparative study, the effectiveness 
of therapy with CAPOTEN (captopril tablets) 
was analyzed among severe treatment-refractory 


and a diuretic are additive *^* 
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hypertensive patients. 
During the lead-in period (weeks 1— 2), patients Week 4 Week 12 
were treated with standard triple therapy (STT) daily CAPOTEN CAPOTEN + Diuretic 


regimen: hydrochlorothiazide, 100 mg; propranolol, 
320 mg; and hydralazine, 200 mg. Patients who 
demonstrated SDBPs greater than 100 mm Hg after the 
lead-in period were randomized either to continue STT 


This 12-week study showed the responses of 71 
hypertensive patients who after four weeks of CAPOTEN 
alone had not achieved sufficient hypertension control 


or to receive a regimen involving CAPOTEN (alone or, and had a diuretic added. From week 4 to 12, the 
Sted Dorn with a diuretic or diuretic/beta patients' mean drop in blood pressure increased from 
ocker) for up to 12 weeks. 11% on CAPOTEN alone to 24% on CAPOTEN with 


At eight weeks after randomization, 5675 of patients Soror : : 
treated with a regimen containing CAPOTEN had their E ce ‘i jenes mos " B i : ME rtensive etfect 
blood pressures normalized (SDBP<90 mm Hg) or 
showed a favorable response (SDBP decreased>10% ). 
This compared with 24% of patients treated with STT. 
Of those patients whose blood pressures normalized VETAT UC S ROSA ER SSS E dr Ce t o c 
on regimens containing CAPOTEN, 2776 normalized on 
CAPOTEN alone, and 55% normalized on CAPOTEN 
and diuretic —a total of 8276.^ 


Please see brief summary on the last page of this advertisement 
for INDICATIONS, WARNINGS, and ADVERSE REACTIONS. 











Multicenter Studies Confirm Long-Term Effectiveness" 
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In a long-term multicenter study of CAPOTEN follow-up throughout the 12-month period. Only 25 
(sometimes alone, but usually in combination with patients (of the total 591) discontinued CAPOTEN for 
other antihypertensive agents), blood pressure therapy-related reasons during the study —7 because 
measurements at 3, 6, 9, and 12 months indicated of loss of response and 18 because of side effects." 
continuous hypertension control when compared to 
the mean pretherapy baseline readings. References: 4. Data on file, Squibb Institute for Medical Research. 

The number of patients evaluated at each point S Ferguson RK, Viases PH, Kopin JR tal: Captopilin severe reatment resistant hyper 
varied, because the study was ongoing and patients (ed): Pharmacology of Antihypertensive Drugs. New York, Raven Press, 1980, pp 21—42. 


à . 7. lohnston CI, Millar JA, McGrath BP, Matthews PG: Long-term effects of captopril (SQ14 225) 
were contin uously entered; 210 were available for on blood-pressure and hormone levels in essential hypertension. Lancet 2:493 — 496, 1979. 
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Side effects profile 


Serious adverse reactions reported in 
clinical trials with CAPOTEN® (captopril tablets)‘ 


= Proteinuria 

Proteinuria (levels greater than 1 gm/day) was seen in 1.2% of patients receiving CAPOTEN, and the 
nephrotic syndrome occurred in about one fourth of these cases. About 60% of affected patients had 
evidence of prior renal disease. In most cases, proteinuria subsided or cleared within six months, whether 
or not CAPOTEN was continued, but some patients had persistent proteinuria. Patients receiving 
CAPOTEN should have urinary protein estimates prior to therapy, at approximately monthly intervals 
for the first nine months of treatment, and periodically thereafter. 


= Neutropenia/Agranulocytosis 

Neutropenia (<300/mm3) associated with myeloid hypoplasia was observed in about 0.3% of patients. 

About half of the neutropenic patients developed systemic or oral cavity infections or other features of 

the syndrome of agranulocytosis. Most of the neutropenic patients had severe hypertension and renal 

ee and about half had systemic lupus erythematosus (SLE), or another autoimmune/collagen 
isorder. 


CAPOTEN should be used with caution in patients with impaired renal function, serious autoimmune 
disease (particularly SLE), or who are exposed to other drugs known to affect the white cells or 
immune response. 

In patients at particular risk (as noted above), white blood cell and differential counts should be 
performed before starting treatment, at approximately two-week intervals for about the first three 
months of therapy, and periodically thereafter. 


The risk of neutropenia in patients who are less seriously ill or who receive lower dosages appears to 
be smaller, and it is sufficient in these patients to have white blood cell counts every two weeks for the 
first three months of therapy with CAPOTEN, and periodically thereafter. Differential counts should be 
performed when leukocytes are <4,000/mm+, or the pretreatment white count is halved. 
= Hypotension 
Excessive hypotension was rarely seen in hypertensive patients but is a possible consequence of 


captopril use in severely salt/volume depleted persons such as those treated vigorously with diuretics, 
for example, patients with severe congestive heart failure (see PRECAUTIONS [Drug Interactions]). 
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Adverse reactions occurring most frequently 
with CAPOTEN* 


Skin Rash: reported in approximately 10% of patients. 
Taste Alteration: reported in about 7% of patients. 
Both effects are generally mild, reversible, or self-limited. 
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Clinical trials show a particularly low incidence or 
no reports of the following side effects ** 


m impotence/loss of libido m glucose intolerance* w orthostatic effects m sleep disturbance" 
m bronchospasm m bradycardia" m mental depression” m nasal congestion" 
m cardiac depression" m tachycardia m fatigue m hypokalemia" 


*No reports of this side effect. 
Experience in over 4,000 patients 


Hn te ur ES See a Tbe o ge DE 
References: 4. Data on file, Squibb Institute for Medical Research. 8. Bravo EL, Tarazi RC: Converting enzyme inhibition with an orally active compound in 
hypertensive man. Hypertension 1:39— 46,1979. 





Please see brief summary on the last page of this advertisement. Before prescribing CAPOTEN, 
INDICATIONS, WARNINGS, ADVERSE REACTIONS, and DOSAGE AND ADMINISTRATION sections 
should be carefully reviewed. 
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SR N: Capoten (captopril) is a specific competitive innipitor or angiotensin 
erting enzyme (ACE), the enzyme responsible for converting angiotensin | to angio- 
sin Il. 

CATIONS: Because serious adverse effects have been reported (see WARNINGS), 
ipoten is indicated for treatment of hypertensive patients who on multidrug regimens 
ve either failed to respond satisfactorily or developed unacceptable side effects. Us- 
ily, multidrug regimens include combinations of a diuretic, a sympathetic nervous 
stem-active agent (such as a beta-blocker) and ‘a vasodilator. 

- Capoten (captopril) is effective alone, but in the population described above, it should 
ly be used in combination with a thiazide-type diuretic. The blood pressure lowering 


Membranous glomerulopathy was found in nearly all the proteinuric patients on capto- 
who were biopsied and may be drug related; this is uncertain since patients were not 
opsied prior to treatment and membranous glomerulopathy may be associated with 
pertension in absence of captopril therapy. Since most cases of proteinuria occurred 
| the 8th month of captopril therapy, patients on captopril should nave urinary protein 
timates (dip-stick on 1st morning urine, or quantitative 24-hr urine—the latter provides 
‘eater precision when proteinuria is persistent and/or at low levels) before therapy, at 
prox. monthly intervals for the ist 9 months of therapy, and periodically thereafter. 
y patients who develop proteinuria >1 g/day, or increasing proteinuria, the benefits 
risks of continuing captopril should be evaluated. 

- Neutropenia/Agranulocytosis—Neutropenia (—300/mm*) associated with myeloid 
ypoplasia (probably drug related) occurred in about 0.3% of captopril treated patients. 
bout half of the neutropenic patients developed systemic or oral cavity infections or 
her features of agranulocytosis. Most of the neutropenic patients had severe hyperten- 
on and renal function impairment; about half had systemic lupus erythematosus (SLE), 
-another autoimmune/ collagen disorder; multiple concomitant drug therapy was com- 
including immunosuppressive therapy in a few cases. Daily doses of captopril in 
ikopenic patients were relatively high, particularly in view of their diminished renal 
on. The neutropenia appeared 3 to 12 weeks after starting captopril; it developed 
latively slowly, taking 10 to 30 days to have white blood count fall to its nadir; neutro- 
hils returned to normal in about 2 weeks (other than 2 patients who died of sepsis). 

= Use captopril with caution in patients with impaired renal function, serious auto- 
nmi ine disease (particularly SLE), or who are exposed to other drugs known to affect 
1e white cells or immune response. In patients at particular risk (as noted above), 
€ white blood cell and differential counts prior to therapy, at about 2-week intervals 
out the 1st 3 months of therapy, and periodically thereafter. 

e risk of neutropenia in patients who are less seriously ill or who receive lower 
osages appears to be smaller, and it is sufficient in these patients to have white blood 
counts every 2 weeks for the 1st 3 months of therapy, and periodically thereafter. 
orm differential counts when leukocytes are -— 4000/mm? or the pretherapy white 
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lypotension—Excessive hypotension was rarely seen in hypertensive patients but is a 
jossible consequence of captopril use in severely salt/volume depleted persons such as 
> treated vigorously with diuretics, e.g., patients with severe congestive heart failure 
| PRECAUTIONS [Drug Interactions]). 


IRECAUTIONS: General: Impaired Renal Function—Some patients with renal disease, 
jarticularly those with severe renal artery stenosis, have developed increases in BUN 
ind serum creatinine after reduction of blood pressure with captopril. It may be necessary 
© reduce captopril dosage and/or discontinue diuretic. For some of these patients, nor- 
nalization of blood pressure and maintenance of adequate renal perfusion may not be 
yossible (see DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS [Altered Labora- 
ory Findings]). Surgery/Anesthesia—During major surgery or anesthesia with agents that 
produce hypotension, captopril will block angiotensin Il formation secondary to com- 
)ensatory renin release; if hypotension occurs and is considered due to this mechanism, 
correctable by volume expansion. 

rug Interactions: Hypotension: Patients on Diuretic Therapy—A precipitous reduction of 
blood pressure may occasionally occur within the 1st 3 hours after administration of the 
nit ial captopril dose in patients on diuretics, especially those recently placed on diuretic 
lhherapy and those on severe dietary salt restriction or dialysis. The possibility of hypo- 
ensive effects can be minimized by either discontinuing the diuretic or increasing the 
salt intake about 1 week prior to initiation of captopril therapy. Alternatively, provide 
medical supervision for at least 3 hours after the initial dose. If nypotension occurs, 
place the patient in a supine position and, if necessary, administer an I.V. infusion of 
normal saline. This transient hypotensive response is not a contraindication to further 
doses which can be given without difficulty once the blood pressure has increased after 
'olume expansion. 

_ Agents Causing Renin Release—Captopril's effect will be augmented by antihyperten- 
sive agents that cause renin release. 

. Agents Affecting Sympathetic Activity—The sympathetic nervous system may be 
especially important in supporting blood pressure in patients receiving captopril alone or 
with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive effect 
o captopril, but the overall response is less than additive. Therefore, use agents affecting 
sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron blocking 
agents) with caution. 

F Agents Increasing Serum Potassium—Since captopril decreases aldosterone pro- 
duction, elevation of serum potassium may occur. Give potassium-sparing diuretics or 
potassium supplements only for documented hypokalemia, and then with caution, since 
they may lead to a significant increase of serum potassium. If the patient has received 
spironolactone at any time up to several months prior to captopril therapy, determine 
he serum potassium frequently since the effect of spironolactone persists. 


y/Laboratory Test Interaction: Captopril may cause a false-positive urine test for 


tis 







C arcinogenesis, Mutagenesis, and Impairment of Fertility: Two-year studies with doses 
50 to 1350 mg/kg/day in mice and rats failed to show any evidence ot carcinogenic 
potential. . 


were seen in mice, rats, and monkeys at doses 50 to 150 times the maximum recom- 
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mended human dose (MRHD). Anemia, leukopenia, thrombocytopenia, and bone marrow 


was noted only at 15 and 30 times MRHD and thrombocytopenia at 30 times MRHD. 
The anemia could be reversed upon discontinuation of dosing. Bone marrow suppression 
occurred to a varying degree, being associated only with dogs that died or were sacri- 
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kidneys at doses 7 to 200 times the MRHD in rats and mice, at 20 to 60 times MRHD- 
in monkeys, and at 30 times the MRHD in dogs. Gastric erosions/ulcerations were in- 
creased in incidence at 20 and 200 times MRHD in male rats and at 30 and 65 times MRHD 
in dogs and monkeys, respectively. Rabbits developed gastric and intestinal ulcers when ` 
given oral doses about 30 times MRHD for only 5 to 7 days. In the two-year rat study, irre- 
versible and progressive variations in the caliber of retinal vessels (focal sacculations 
and constrictions) occurred at all dose levels (7 to 200 times MRHD) in a dose-related 
fashion. The effect was first observed in the 88th week of dosing, with a progressively 
increased incidence thereafter, even after cessation of dosing. 
Pregnancy: Category C—Captopril was embryocidal in rabbits when given in doses 2 to 70 
times (on a mg/kg basis) the maximum recommended human dose. The marked em- 
bryocidal effect in rabbits was most probably due to the particularly marked decrease 
in blood pressure caused by the drug in this species. Captopril given to pregnant rats at 
400 times the recommended human dose continuously during gestation and lactation 
reduced neonatal survival. No teratogenic effects (malformations) have been seen after 
large doses of captopril in hamsters, rats, and rabbits. 

There are no adequate and well-controlled studies in pregnant women. Captopril 
should be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus. 


Nursing Mothers: Concentrations of captopril in human milk are about 196 of those in 
maternal blood. The effect of low levels of captopril on the nursing infant has not been 
determined. Exercise caution when administering captopril to a nursing woman, and, in 
general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established although 
there is limited experience with use of captopril in children from 2 months to 15 years 
of age with secondary hypertension and varying degrees of renal insufficiency. Dosage, 
on a weight basis, was comparable to that used in adults. Captopril should be used in 
children only if other measures for controlling blood pressure have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving about 
4000 patients. 

Renal—One to 2 of 100 patients developed proteinuria (see WARNINGS). Renal in- 
sufficiency, renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients 
but relationship to drug use is uncertain. 

Hematologic—Neutropenia/agranulocytosis (probably drug related) occurred in about 
0.3% of captopril treated patients (see WARNINGS). Two of these patients developed 
sepsis and died. 

Dermatologic—Rash (usually maculopapular, rarely urticarial), often with pruritus and 
sometimes with fever and eosinophilia, in about 10 of 100 patients, usually during the 1st 
4 weeks of therapy. The rash is usually mild and disappears within a few days of dosage 
reduction, short-term treatment with an antihistaminic agent, and/or discontinuing ther- 
apy; remission may occur even if captopril is continued. Pruritis, without rash, in about 
2 of 100 patients. Between 7 and 10% of patients with skin rash have shown an eosino- 
philia and/or positive ANA titers. A reversible associated pemphigoid-like lesion, and 
photosensitivity have also been reported. Angioedema of the face, mucous membranes 
of the mouth, or of the extremities in about 1 of 100 patients—reversible on discontinu- 
ance of captopril therapy. One case of laryngeal edema reported. Flushing or pallor in 
2 to 5 of 1000 patients. 

Cardiovascular—Hypotension in about 2 of 100 patients. See PRECAUTIONS (Drug 
interactions) for discussion of hypotension on initiation of captopril therapy. Tachycardia, 
chest pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial 
infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 
patients. 

Dysgeusia—About 7 of 100 patients developed a diminution or loss of taste percep- 
tion; taste impairment is reversible and usually self-limited even with continued drug use 
(2 to 3 months). Weight loss may be associated with the loss of taste. Gastric irritation, 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, and 
paresthesias reported in about 0.5 to 2% of patients but did not appear at increased 
frequency compared to placebo or otner treatments used in controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients although no 
causal relationship has been established. A single case of hepatocellular injury with 
secondary cholestasis has been reported in association with captopril use. A transient 
elevation of BUN and serum creatinine may occur, especially in volume-depleted or reno- 
vascular hypertensive patients. In instances of rapid reduction of longstanding or severely 
elevated blood pressure, the glomerular filtration rate may decrease transiently, also 
resulting in transient rises in serum creatinine and BUN. Small increases in serum potas- 
sium concentration frequently occur, especially in patients with renal impairment (see 
PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an 
IV. infusion of normal saline is the treatment of choice for restoration of blood pres- 
sure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before 
meals. Dosage must be individualized. 

Give consideration to recent antihypertensive drug therapy, extent of blood pressure 
elevation, salt restriction, and other circumstances before initiating therapy. If possible, 
discontinue the patient's previous antihypertensive drug regimen for one week before 
starting captopril. Initial dose of CAPOTEN (captopril) is 25 mg t.i.d. If satisfactory blood 
pressure reduction is not achieved after 1 or 2 weeks, dose may be increased to 50 mg 
t.i.d. If the blood pressure has not been satisfactorily controlled after another 1 to 2 weeks, 
add a modest dose of a thiazide-type diuretic (e.g., hydrochlorothiazide, 25 mg daily). 
The diuretic dose may be increased at 1- to 2-week intervals until its highest usual anti- 
hypertensive dose is reached. If further blood pressure reduction is required, CAPOTEN 
(captopril) may be increased to 100 mg t.i.d. and then, if necessary, to 150 mg t.i.d. 
(while continuing the diuretic). The usual dose range is 25 to 150 mg t.i.d. A maximum 
daily dose of 450 mg CAPOTEN (captopril) should not be exceeded. 

For patients with accelerated or malignant hypertension, when temporary discontinua- 
tion of current antihypertensive therapy is not practical, or when prompt titration to more 
normotensive blood pressure levels is indicated, current antihypertensive medication may 
be stopped and CAPOTEN (captopril) dosage promptly initiated at 25 mg t.i.d., under close 
medical supervision. The daily dose of CAPOTEN (captopril) may be increased every 24 
hours until a satisfactory blood pressure response is obtained or the maximum captopril 
dose is reached. In this regimen, addition of a more potent diuretic, e.g., furosemide, 
may also be indicated. Beta-blockers may also be used in conjunction with captopril 
therapy (see PRECAUTIONS [Drug Interactions]), but the effects of the 2 drugs are less 
than additive. 

Dosage Adjustment in Renal Impairment—Because CAPOTEN (captopril) is excreted 
primarily by the kidneys, excretion rates are reduced in patients with impaired renal func- 
tion. These patients will take longer to reach steady-state captopril levels and will reach 
higher steady-state captopril levels for a given daily dose than patients with normal renal 
function. Therefore, these patients may respond to smaller or less frequent doses. Ac- 
cordingly, for patients with significant renal impairment, initial daily dosage of CAPOTEN 
(captopril) should be reduced, and smaller increments utilized for titration, which should 
be quite slow (1- to 2-week intervals). After desired therapeutic effect has been achieved, 
dose should be slowly back-titrated to determine minimal effective dose. When con- 
comitant diuretic therapy is required, a loop diuretic (e.g., furosemide), rather than 
thiazide diuretic, is preferred in patients with severe renal impairment. 


HOW SUPPLIED: Available in tablets of 25, 50, and 100 mg in bottles of 100, and i 
UNIMATIC® single-dose packs of 100 tablets. 
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This IRS x-ray shows an asynergistic contraction. Systolic 
strips are marked in this image with white dots, clearly 
illustrating normal motion in the basal segment, hypokine- 
sis in the lateral wall and paradoxical motion in the apex. 


Now there is a simple, accurate technique prc ee — 


for observing and quantifying ventricular wall 
motion abnormalities: the InterGated™ 
Radiography System (IRS), from Brattle. 

IRS works with existing x-ray equipment, 
involves no major investment, and requires 
no special training to use. 


HOW DOES IT WORK? 


Brattle's IRS produces a serrated cardiac 
image showing heart motion. The IRS is 





In a routine Xray 





able to capture the heart at end diastole and 
end systole during a single cardiac cycle by 
using ECG-gating. The result is a precise 
image that can be used to measure and 
evaluate abnormal heart wall motion, valvu- 
lar defects and shunts. : 

Unlike Roentgenkymography, IRS is 
highly sensitive, highly specific and exposes 
the patient to no additional radiation. 


WHERE IS IT USED? 


Brattle’s IRS is already in use in hospitals 
and doctors’ offices, where it can dramati- 
cally increase the information content of 
routine x-rays at very little cost. | 

In addition to screening, it provides 
physicians with a simple, non- 
invasive method for Tu 
monitoring patients dur- $M- 
ing follow-up examina- M 
tion or ECG stress 
testing. 


WANT TO LEARN 
MORE? 









[ ] Please send reprints on clinical 
| use of Brattle’s InterGated™ 

Radiography System. 

| L] Please contact me to show me some interesting x-rays. 
| Name 

| Specialty 
| 

| 








Hospital 
Address 
City 


Telephone 








State Zip 
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| Brattle Instrument Corporation 
| ra px 243-C Vassar St. Cambridge, MA 02139 | 
ET (617) 661-0300, TWX 710-320-0488 "i 


lines, or presence of a central systolic line—were diagnostically specific or selective in making the correct diag- 
nosis. Only 39 percent of the tracings with aortic stenosis were correctly identified. The degree of change in any 
of the above criteria did not correlate with the aortic pressure gradient. 






1273 Clinical Application of Radionuclide Quantitation of Left to Right Cardiac Shunts in Children 


BRENDA M. McILVEEN, |. PROVAN C. MURRAY, ROBERT W. GILES, GEORGES H. MOLK, CHARLES 
M. SCARF and R. MICHAEL McCREDIE 


This report of 341 radionuclide imaging studies in 245 children with a suspected shunt confirms the clinical utility 
of such studies in the quantitation of left to right shunts, assessment of a cardiac murmur and the evaluation of 
postoperative patients. The radionuclide estimation was found to be more sensitive than oximetry in the detec- 
tion of small shunts. In 10 patients a small left to right shunt was not detected by oximetry whereas both the indo- 
cyanine green dye curve and the radionuclide pulmonary to systemic (Qp/Qs) flow ratio detected the shunt. The 
radionuclide method can be relied on as a simple, accurate and valuable procedure for separating patients with 
and without a shunt, providing a strict routine is followed. The reliability of the method includes proper sedation 
and positioning of the patient, a discrete rapid bolus injection and the absence of crying, which disrupts the bolus 
dose. The radionuclide Qp/Qs technique cannot be successfully used in evaluating bidirectional shunts. When 
used as a contributing diagnostic procedure in conjunction with clinical examination, chest X-ray film and elec- 
trocardiogram, the radionuclide Qp/Qs ratio may rule out the need for cardiac catheterization or indicate the 
most appropriate time for this procedure. 


| 4279 Preoperative Angiocardiography in Infants With Tetrad of Fallot. Review of 36 Cases 
3 KENNETH E. FELLOWS, JOHN SMITH and JOHN F. KEANE 


Retrospective review of angiocardiograms in 36 infants with tetrad of Fallot reveals that optimal biplane angio- 
cardiography should include: (1) right ventriculography in a sitting or hepatoclavicular view for demonstration of 
the right ventricular, infundibular and pulmonary arterial anatomy; (2) left ventriculography in the long axial 
oblique view for display of ventricular septal defects and coronary arteries; and (3) an aortogram at the valve 
level if coronary arteries are not well seen in the left ventricular study. Additional associated anomalies found 
in these patients included ventricular septal defect (14 percent), peripheral pulmonary stenosis (30 percent) and 
surgically important coronary arterial abnormalities (8 percent). A complete atrioventricular canal defect should 
be suspected in patients with tetrad anatomy and stigmata of Down's syndrome, and in any patient with signs of 
tetrad of Fallot and a superior counterclockwise frontal plane loop in the electrocardiogram. The large ventricu- 
lar septal defect in this condition is best demonstrated in the hepatoclavicular view. 


. 1286 Intravascular Hemolysis Associated With Porcine Mitral Valve Calcification in Children 
L KENNETH M. WEESNER, ALBERT P. ROCCHINI, AMNON ROSENTHAL and DOUGLAS BEHRENDT 


E Intravascular hemolysis present in 5 of 16 children who underwent porcine valve replacement is attributed to 
1 calcification and dysfunction of their valve. A porcine xenograft had been placed in the mitral position in all five 
children with intravascular hemolysis but in only 3 of the 11 children without hemolysis. The development of he- 
molysis in these young patients may be related to the rapid development of severe pathologic changes in the 
porcine valve that occur in young children. Because the presence of hemolysis appears to be a useful clinical 
indication of porcine valve dysfunction, routine screening for hemolysis by evaluating red cell morphology, lactic 
dehydrogenase and haptoglobin levels might provide an early warning of porcine valve dysfunction. 


REPORTS ON THERAPY 
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E 4289 Effects of Verapamil and Nifedipine on Left Ventricular Function at Rest and During Exercise in 
f Patients With Prinzmetal's Variant Angina Pectoris 


STACEY M. JOHNSON, DAVID R. MAURITSON, JAMES CORBETT, GREGORY J. DEHMER, 
SAMUEL E. LEWIS, JAMES T. WILLERSON and L. DAVID HILLIS 


This study of 10 patients with documented variant angina pectoris who underwent equilibrium gated blood pool 
scintigraphy at rest and during supine bicycle exercise during long-term treatment with placebo, verapamil and 
nifedipine demonstrated that neither drug caused deterioration of left ventricular performance either at rest or 
during exercise. At the maximal work loads, heart rate and systolic blood pressure were lower with verapamil 
than with placebo and nifedipine; ventricular volumes and ejection fraction were similar with the three agents. 
These results indicate that either verapamil or nifedipine can be administered safely to any patient with symp- 
tomatic variant angina who needs an effective therapeutic agent. 
continued on page A35 
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You know the Burdick EK-8 
records a complete 12-lead ECG 
automatically...in less than 
38 seconds. 

That's impressive in a 
single-channel cardiograph. 

But there's another important 
part to the EK-8 story. 

The EK-8 was designed to 
save physician and staff time. And 
while it makes good sense to save 
time recording the ECG, think of 
the additional time-saving benefits 
when you can mount and file the 
ECG in less time than it takes to 
ecord the 12-lead tracing. 
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That's why the EK-8 fast 
mounting system is important to 
you. The answer is in our unique 
card and folder-format mounts. 
When the ECG is recorded. the 
technician takes the complete 
tracing, with each lead already 
clearly marked, and quickly 
positions it on the pressure- 
sensitive card or folder-format 
mount. No die-cutting. No pasting 
or taping. It's ready for filing. 

It can take less than a minute to 
record and mount the ECG. 

The Burdick mounting system. 
Because the ECG isn't complete 
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think the EK-8 
is a fast recorder, 
it Saves mounting time! 
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until the paperwork's done. 
Find out how the EK-8 can 

increase your ECG productivity.. 

from start to finish. Call or write 

The Burdick Corporation., 

Milton, Wisconsin 53563. 





Toll-free 800-356-0701 
In Wisconsin 608-868-763 


BURDICK 
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A concern for cardiac care. 


Because they need 
special management 
as cardiac 

patients — you need 
Geriatric Cardiology 
for your 

professional library. 





CONTENTS: Physiology and Aging of the Heart e Cardiac 
Pathology in the Elderly e History ad Physical Evaluation 
e The Electrocardiogram in the Aged e Radiologic 
Examination of the Heart e Echocardiography in the 
Elderly e Coronary Artery Disease e Syncope e Congestive 
Heart Failure e Cardiac Arrhythmias in the Elderly e 
Hypertension in the Elderly e Congenital and Valvular 
Heart Disease e Special Considerations in Cardiac 
Pharmacology in the Elderly e Cardiac Surgery in the 
Elderly e Noncardiac Surgery in the Elderly Patient 

with Heart Disease e Rehabilitation of the Elderly 

Cardiac Patient. 


Geriatric Cardiology 


Volume 12, Number 1 in the Cardiovascular Clinics. 
Guest Editors: R. Joe Noble, MD, Clinical 
Professor of Medicine; and Donald A. Rothbaum, 
MD, Clinical Associate Professor of Medicine; both 
of Indiana University School of Medicine and both 
Consultant Cardiologists at St. Vincent Hospital 
and Health Care Center, Indianapolis, Indiana. 


Geriatric Cardiology shows the cardiologist how to 
clinically evaluate and manage the elderly patient — 
‘examining the various cardiac diseases, how they 
present in the elderly, and how they should be treated. 


With thoughtfully planned medical, surgical, and 
rehabilitative therapy, the geriatric cardiac patient often 
'esponds dramatically. This outstanding new book gives 
you information on procedures that will be invaluable 
in your practice. Order your copy today. About 240 pp., 


Also of interest: 


Management of the Cardiac Patient 
with Renal Failure 


Edited by David T. Lowenthal, MD, FACP, FACC; Ronald 
S. Pennock, MD, FACC; William Likoff, MD, FACC; and 
Gaddo Onesti, MD. 


110 ill. Ready June 1981. $40.00. 


Editor-in-Chief of the Cardiovascular Clinics: Albert N. 
Brest, MD. 


Written to meet the needs of the physician faced with 
the special requirements of the growing population of 
patients with cardiorenal problems. Discusses the 
pathology, physiology, and pharmacology of the 


cardiovascular system in chronic renal failure. 204 pp. 
Illustd. April 1981. $30.00. 


| would like to receive the indicated books on 30-day approval. Please send the books | have indicated. If l'm not satisfied, | 


may return the books, in good condition, within 30 days. 
#6565-2 Noble & Rothbaum: Geriatric Cardiology. $40.00. June 1981. . . t 
O T5629 Lowenthal et al: Management of the Cardiac Patient with Renal There will be a nominal charge for postage and handling. 
Failure. $30.00. April 1981. State sales tax will be added where appropriate. 
#7242-X Rackley: Critical Care Cardiology. $40.00. Jan. 1981. 
#3204-5 Engle: Pediatric Cardiovascular Disease. $48.00. Oct. 1980. 
peu ere Stress Testing: Principles and Practice, 2nd Edition. $35.00. 
ug. 1980. 
#1684-8 Castellanos: Cardiac Arrhythmias: Mechanisms and Management. 
$40.00. May 1980. 


pep as Anesthesia and the Patient with Heart Disease. $22.00. Please Print: 

an. : 

#1118-8 Bra ey: Office Cardiology. $37.50. Feb. 1980. 

#9329-X Wilerson: Nuclear Cardiology. $35.00. May 1979. Full Name ————————————————————————— 
3 7419-8 Roberts: Congenital Heart Disease in Adults. $60.00. April 1979. 

3 9226-9 Wenger: Exercise and the Heart. $35.00. 1978. Address 





#5440-5 Kotler & Segal: Clinical Echocardiography. $35.00. 1978. 

#6630-6 Onesti & Brest: Hypertension: Mechanisms, Diagnosis, and 
Treatment. $35.00. 1978. 

#9706-6 Yang et al.: From Cardiac Catheterization Data to Hemodynamic 
Parameters, 2nd Edition. $35.00. 1978. 

#4620-8 Helfant & Banka: A Clinical and Angiographic Approach to 
Coronary Heart Disease. $30.00. 1978. 

#7400-7 Rios: Clinical Electrocardiographic Correlations. $35.00. 1977. 
#7270-5 Rahimtoola: Coronary Bypass NM $35.00. 1977. 

#1980-4 Corday: Controversies in Cardiology. $35.00. 1977. 

3: 8090-2 Spodick: Pericardial Diseases. $32.00. 1976. 

#1190-0 Brest et al.: Innovations in the Diagnosis and Management of Acute 
Myocardial Infarction. $32.00. 1975. 

4 8930-6 Vidt: Cleveland Clinic Cardiovascular Consultations. $23.00. 1975. 
3 3710-1 Fowler: Diagnostic Methods in Cardiology. $35.00. 1975. 

3 6125-8 Melmon: Cardiovascular Drug Therapy. $18.75. 1974. 
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© makes it more convenient 
to administer maximum dosage 

' highly stable tablets for aborting 
or preventing angina pectoris 
attacks 

» acts almost as fast 


as nitroglycerin...action lasts 
up to 2 hours 


ISORDIL SUBLINGUAL . - 


(ISOSORBIDE DINITRATE) $28c^GucTaters 


Usual dosage: one 10-mg tablet every 2-3 hours (or prn 


after starting at lower dose) 










“Indications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other information, FDA has 
classified the indications as follows: 

"Probably" effective: When taken by the sublingual route, Isordil 
Sublingual Tablets are indicated for the treatment of acute anginal 
attacks and for prophylaxis in situations likely to provoke such attacks. 
Final classification of the less-than-effective Indications requires further 
investigation. 












Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use of nitrites and nitrates during the early 


days of the acute phase of myocardial infarction (the period during which clin- 


ical and laboratory findings are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites and 
nitrates may occur. 

Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 


Tablets shown smaller than actual size. 


and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a physio- 
logical antagonist to norepinephrine, acetylcholine, histamine, and many other 
agents. An occasional individual exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nausea, vomiting, weakness, restless- 
ness, pallor, perspiration and collapse) can occur even with the usual thera- 
peutic dose. Alcohol may enhance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 

Dosage and Administration: The basic dosage for Isordil (Isosorbide Dinitrate) 
Sublingual Tablets is one 5-mg or 10-m@ tablet every 2 to 3 hours. The 2.5-mg 


tablet facilitates adjustment of dosage. All three dosage strengths are used 
sublingually. 


Consult direction circular before prescribing. 


IVES LABORATORIES INC. (cs), 


New York, NY 100] 
DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE® 


Fr ^ NOWYOUCANCAPTURE 77 
SYMPTOMATIC ARRHYTHMIAS 
AS THEY HAPPEN 


Introducing TAM II. . . 


Transient symptoms suggestive of cardiac arrhythmias can happen anytime, anywhere. Now your 
i patients can record an electrocardiogram the moment symptoms occur—and at a convenient time 
f transmit the recorded data to Cardiac Datacorp's 24 hour SENTINEL SERVICE. 


B TAM II weighs only 4 ounces and fits into a patient's pocket, purse, or briefcase. When symptoms 

f. appear, the patient places the unit on the precordium, and activates the recorder. Then, the next 32 

j seconds of ECG data is recorded into the solid state memory. The data is stored in memory until the 
[ patient plays it back over the telephone to Cardiac Datacorp's Technical Center. x 








SENTINEL SERVICE TELESTAT ™ 

The uniqueness of TAM II is combined with Cardiac TELESTAT is a unique feature of Cardiac Datacorp's 
Datacorps years of experience in transtelephonic moni- SENTINEL SERVICE. It enables us to transmit via tele- 
toring. The result is our SENTINEL SERVICE, an ad- phone a copy of the patient's ECG when speed is critical 
vanced method for documenting and reporting to the management of your patient's arrhythmia. The 
suspected transient arrhythmias. The service offers two abnormal tracing can be transmitted to your office, hos- 
monitoring programs, both designed to satisfy the indi- pital, home or anywhere an ECG receiving system is 
vidual needs of prescribing physicians. Both service pro- located. 

proms feature 24 hour, seven day a week patient For further details on TAM Il and SENTINEL SERVICE 
availability and the TAM II Arrhythmia Recorder supplied please contact the Customer Relations Department at 
on loan to the prescribing physician. (203) 243-2986. 


Cardiac Datacorp, Inc. 

Division, The Andersen Group 
1280 Blue Hills Avenue 
Bloomfield, Connecticut 06002 


TAM Il is designed and manufactured by Instromedix, Inc. exclusively for Cardiac Datacorp, Inc. 





1295 Comparison of Verapamil and Nifedipine in the Treatment of Variant Angina Pectoris: Preliminary 
Observations in 10 Patients 


STACEY M. JOHNSON, DAVID R. MAURIT SON, JAMES T. WILLERSON and L. DAVID HILLIS 
with the technical assistance of BEVERLY J. ERCK and SNOWY B. BROWN 


In this 10 month clinical study of 10 patients with variant angina, both verapamil and nifedipine showed similar 
efficacy in reducing the frequency of angina, the consumption of nitroglycerin and the frequency of ischemic S-T 
segment alterations on calibrated two channel ambulatory electrocardiographic monitoring. However, the ad- 
ministration of nifedipine was associated with greater adverse effects—including orthostatic hypotension, 
marked pedal edema, nausea, anorexia and dizziness—than either placebo or verapamil. In 6 of these 10 pa- 
tients these effects limited the dose of nifedipine that could be administered. Because of its potent influence on 
the cardiac conduction system, verapamil should not be administered to the patient with second or third degree 
atrioventricular block, sick sinus syndrome or suspected digitalis intoxication; because of its negative inotropic 
influence it should not be administered simultaneously with beta adrenergic blocking agents or disopyramide and 
only cautiously given to the patient with advanced cardiac failure. Nifedipine, in contrast, exerts little, if any, in- 
fluence on the cardiac conduction system and has little negative inotropic effect. 


1301 Management of Recurrent Ventricular Tachyarrhythmias Associated With Q-T Prolongation 


MAZHAR M. KHAN, KATHLEEN R. LOGAN, JANET M. McCOMB and A. A. JENNIFER ADGEY 


For the successful management of patients with Q-Tc prolongation and recurrent ventricular tachyarrhythmias 
these investigators recommend (1) the immediate withdrawal of any drug that prolongs the Q-Tc interval, and (2) 
the early initiation of ventricular or atrioventricular sequential pacing if ventricular tachyarrhythmias recur. In 4 
of 11 consecutive patients with these complications the ventricular tachyarrhythmia did not return after adminis- 
tration of thioridazine, diuretic drugs and antiarrhythmic agents was stopped and hypokalemia or hypocalcemia 
corrected. In the remaining seven patients overdrive ventricular or atrioventricular sequential pacing proved 
necessary to abolish the arrhythmia. Three patients required a permanent pacemaker because of chronic com- 
plete heart block, sick sinus syndrome or frequent ventricular ectopic complexes complicating ischemic heart 
disease. 


1309 Procainamide-Induced Polymorphous Ventricular Tachycardia 


BORIS STRASBERG, SAMUEL SCLAROVSKY, ALEX ERDBERG, C. ELISE DUFFY, WILFRED LAM, 
STEVEN SWIRYN, JACOB AGMON and KENNETH M. ROSEN 


Although procainamide-related polymorphous ventricular tachycardia is uncommon, the seven new cases in this 
interesting report indicate that physicians should be aware of this potential complication of procainamide thera- 
py. This type of ventricular tachycardia is characterized by ventricular polymorphy and changing heart rates. In 
adults it results most frequently from an idiosyncratic (or toxic) reaction to type | antiarrhythmic agents. These 
cases demonstrate that procainamide can produce an acquired prolonged Q-T syndrome with polymorphous 
ventricular tachycardia. Patients receiving intravenous procainamide during ventricular tachycardia should be 
observed carefully because the ventricular tachycardia can degenerate to potentially fatal polymorphous ven- 
tricular tachycardia and ventricular fibrillation. This risk may be greater when ventricular tachycardia compli- 
cates recent myocardial infarction. 


1315 Effect of Lidocaine on Escape Rate in Patients With Complete Atrioventricular Block: B. Proximal His 
Bundle Block 


CHIEN-SUU KUO and C. PRATAP REDDY 


The intravenous administration of lidocaine to 10 patients with complete atrioventricular (A-V) block proximal 
to the His bundle exerted either no or only a slight depressant effect on the rate of the escape pacemaker in the 
seven patients without an acute myocardial infarction but caused severe bradycardia or asystole in two of the 
three patients with acute inferior wall infarction. These observations provide the first'clinical evidence in support 
of the concept that lidocaine has a greater depressant effect on ischemic than on nonischemic myocardium and 
that its antiarrhythmic action may be due to its ability to depress conduction in ischemic myocardium rather than 
to improve conduction or to suppress normal or abnormal automaticity. The use of lidocaine without prior inser- 
tion of a pacemaker may be unsafe in patients with acute myocardial infarction and complete A-V block proxi- 
mal to the His bundle. 
continued on page A39 
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Abbokinase is not a foreign protein 


* Abbokinase is non-antigenic 


Induced antibody formation is not 
Seen in intradermal tests 


= Since patient is not sensitized by Abbokinase, 
therapy can be repeated whenever necessary 


* Urokinase neutralizing antibodies are not 
formed so resistance is not a factor 


* Course of therapy is 12 hours and 
no dosage adjustment is necessary 


Abbokinase 


Urokinase for Injection s; E 
250,000 I.U. per vial E 4 





The direct action 
thrombolytic agent 
for the management 
of acute massive 
pulmonary embolism 


Abbokinase is stocked at strategically 
located hospitals throughout the country. 
For the name of the hospital nearest to you, 
please write Abbott Laboratories, Dept. 517, 
North Chicago, Illinois 60064. 


Please see following page for Brief Summary. 
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? BOKINASE (urokinase for injection) should be used in hospitals where the 
recommended diagnostic and monitoring techniques are available. Thrombolytic 
therapy should be considered in all situations where the benefits to be achieved 
_ outweigh the risk of potentially serious hemorrhage. When internal bleeding does 
_ occur, it may be more difficult to manage than that which occurs with conven- 
_ tional anticoagulant therapy. 

.  Urokinase treatment should be instituted as soon as possible after onset of 
ET embolism, preferably no later than seven days after onset. Any delay 
in instituting lytic therapy to evaluate the effect of heparin decreases the poten- 


5r 


ial for optimal efficacy. 


NDICATIONS AND USAGE 

Pulmonary Embolism 

- ABBOKINASE (urokinase for injection) is indicated in adults: 

.— for the lysis of acute massive pulmonary emboli, defined as obstruction of blood flow 
. to a lobe or multiple segments. 


— for the lysis of pulmonary emboli accompanied by unstable hemodynamics, i.e., 
failure to maintain blood pressure without supportive measures. 










The diagnosis should be confirmed by objective means, such as pulmonary angiography 
- via an upper extremity vein, or non-invasive procedures such as lung scanning. 
Angiographic and hemodynamic measurements demonstrate a more rapid improvement 
” lytic therapy than with heparin therapy. 


 CONTRAINDICATIONS 

. Because thrombolytic therapy increases the risk of bleeding, urokinase is contraindicated 
— in the following situations: (See WARNINGS.) 

. — Active internal bleeding 

- — Recent (within two months) cerebrovascular accident, intracranial or intraspinal sur- 
gery 

a Intracranial neoplasm 


_ WARNINGS 

. Bleeding 

f The aim of urokinase is the production of sufficient amounts of plasmin for lysis 
of intravascular deposits of fibrin; however, fibrin deposits which provide 
hemostasis, for example, at sites of needle puncture, will also lyse, and bleeding 
from such sites may occur. 

Intramuscular injections and nonessential handling of the patient must be avoided dur- 
ing treatment with urokinase. Venipunctures should be performed carefully and as infre- 
quently as possible. 

- Should an arterial puncture be necessary, upper extremity vessels are preferable. Pres- 
- sure should be applied for at least 30 minutes, a pressure dressing applied, and the 
- puncture site checked frequently for evidence of bleeding. 
In the following conditions, the risks of therapy may be increased and should be 
weighed against the anticipated benefits: 
— Recent (within 10 days) major surgery, obstetrical delivery, organ biopsy, previous 
puncture of non-compressible vessels 


. — Recent (within 10 days) serious gastrointestinal bleeding 

. — Recent trauma including cardiopulmonary resuscitation 

. — Severe uncontrolled arterial hypertension 

— High likelihood of a left heart thrombus, e.g., mitral stenosis with artrial fibrillation 
~ — Subacute bacterial endocarditis 

j — Hemostatic defects including those secondary to severe hepatic or renal disease 

f — Pregnancy 

_ — Cerebrovascular disease 

. — Diabetic hemorrhagic retinopathy 


— — Any other condition in which bleeding might constitute a significant hazard or be par- 
ticularly difficult to manage because of its location 






_ Should serious spontaneous bleeding (not controllable by local pressure) occur, the infu- 
. sion of urokinase should be terminated immediately, and treatment instituted as described 
under ADVERSE REACTIONS. 


Use of Anticoagulants 

Concurrent use of anticoagulants with urokinase is not recommended. Before starting 
- urokinase in patients being treated with heparin, the effects of heparin should be allowed 
to diminish with time. 


PRECAUTIONS 

Use in Children and During Pregnancy 

Safety and effectiveness of urokinase therapy in children and during pregnancy have not 
been established: therefore, treatment of such patients is not recommended. 


Drug Interactions 

The interaction of urokinase with other drugs has not been studied. Drugs that alter 
platelet function should not be used. Common examples are: aspirin indomethacin and 
phenylbutazone. 


Patient Monitoring 

Before commencing thrombolytic therapy, obtain a hematocrit, platelet count, and a 
thrombin time (TT), activated partial thromboplastin time (APTT), or prothrombin time 
(PT). If heparin has been given, it should be discontinued. TT or APTT should be less than 
twice the normal control value before thrombolytic therapy is started. 

During the infusion, coagulation tests and/or measures of fibrinolytic activity may be 
performed if desired. Results do not, however, reliably predict either efficacy or a risk of 
bleeding. The clinical response should be observed frequently, and vital signs, i.e., pulse, 
temperature, respiratory rate and blood pressure, should be checked at least every four 
hours. The blood pressure should not be taken in the lower extremities to avoid dislodg- 
ment of possible deep vein thrombi. 

Following the infusion, before (re)instituting heparin, the TT or APTT should be 
less than twice the upper limits of normal. 


ADVERSE REACTIONS 

Bleeding 

The type of bleeding associated with thrombolytic therapy can be placed into two broad 

categories: 

— Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g.. 
venous cut-downs, arterial punctures, sites of recent surgical intervention, etc.) . 


— Internal bleeding, involving, e.g., the gastrointestinal tract, genitourinary tract, 
vagina, or intramuscular, retroperitoneal, or intracerebral sites. 


Several fatalities due to cerebral or retroperitoneal hemorrhage have occurred during 
thrombolytic therapy. 

Should serious bleeding occur, urokinase infusion should be discontinued and, if neces- 
sary, blood loss and reversal of the bleeding tendency can be effectively managed with 
whole blood (fresh blood preferable), packed red blood cells and cryoprecipitate or fresh 
frozen plasma. Dextran should not be used. Although the use of aminocaproic acid (ACA, 
AMICAR®) in humans as an antidote for urokinase has not been documented, it may be 
considered in an emergency situation. 


Allergic Reactions 

In vitro tests with urokinase, as well as intradermal tests in humans, gave no evidence of 
induced antibody formation. Relatively mild allergic type reactions, e.g., bronchospasm 
and skin rash, have been reported rarely. When such reactions occur, they usually respond 
to conventional therapy. 


Fever 

Febrile episodes have occurred in approximately 2-3% of treated patients. A cause and 
effect relationship has not been established. Symptomatic treatment with acetaminophen 
is usually sufficient to alleviate discomfort. Aspirin is not recommended. 


DOSAGE AND ADMINISTRATION 


Dosing 
ABBOKINASE IS INTENDED FOR INTRAVENOUS INFUSION ONLY 
A priming dose of 2,000 1.U./Ib (4,400 1.U./kg) of ABBOKINASE is given as the 
ABBOKINASE-0.9% Sodium Chloride Injection admixture over a period of ten minutes. This 
is followed by a continuous infusion of 2,000 1.U./Ib/hr (4,400 l.U./kg/hr) of 
ABBOKINASE (given as the ABBOKINASE-0.996 Sodium Chloride Injection admixture) for 12 
hours. The total volume of fluid administered should not exceed 200 ml. 

Administer ABBOKINASE (urokinase for injection) by means of a constant infusion pump 
that is capable of delivering a total volume of 195 ml. 


Anticoagulation After Terminating Urokinase Treatment 

At the end of urokinase therapy, treatment with heparin by continuous intravenous infu- 
sion is recommended to prevent recurrent thrombosis. Heparin treatment, without a load- 
ing dose, should not begin until the thrombin time has decreased to less than twice the 
normal control value (approximately 3 to 4 hours after completion of the infusion). See 
manufacturer's prescribing information for proper use of heparin. This should then be 
followed by oral anticoagulants in the conventional manner. 





REVIEWS 


1321 The “Border Zone" in Evolving Myocardial Infarction: Controversy or Confusion? 


DAVID J. HEARSE and DEREK M. YELLON 


In this review data for and against the ''border zone" concept in myocardial ischemia and infarction are critically 
assessed in accord with the principles proposed by the authors. As a term, “border zone” is inadequate because 
it fails to take adequate account of the dynamic nature of the ischemic process or to allow for the practical reali- 
ties of tissue salvage. ''Border zone" tissue must be a Spatially identifiable area of reversibly injured tissue in 
which the cells are jeopardized, where the fate of the tissue lies in the balance and where progression to func- 
tional recovery or regression to cell death can be influenced by several endogenous or exogenous factors. At 
present, the weight of experimental evidence derived from the models described in this review suggests that a 
quantitatively significant spatially identifiable "border zone” in the lateral plane is unlikely. The situation in the 
transmural plane is less well established. The situation prevailing in human beings with partial coronary arterial 
occlusion or diffuse ischemic heart disease may be different and clearly needs urgent investigation. 


1335 SYMPOSIUM: FUTURE DIRECTIONS IN EXERCISE TESTING AND EXERCISE 
ELECTROCARDIOGRAPHY —II 


Comparative Sensitivity and Specificity of Exercise Electrocardiographic Lead Systems 


BERNARD R. CHAITMAN and JOHN S. HANSON 


Review of the literature on diagnostic exercise testing with respect to the sensitivity and specificity of electro- 
cardiographic S-T segment shifts for obstructive coronary disease reveals significant differences partially attrib- 
utable to differences in population samples, lead systems and criteria for positivity. Multiple electrocardiograph- 
ic lead recording in symptomatic patients during and after exercise does improve sensitivity in detecting S-T 
segment shifts with only a small decrease in specificity. However, data from animal studies of myocardial isch- 
emia suggest that 100 percent sensitivity in detecting obstructive coronary disease is unlikely to be obtained 
with surface electrocardiographic recordings. Computer. analysis of the exercise electrocardiogram may be- 
come indispensable in evaluating new electrocardiographic criteria for positivity in individual leads during or 
after exercise in large numbers of patients. 


1350 S-T Segment Elevation and Coronary Spasm in Response to Exercise 


BERNARD R. CHAITMAN, DAVID D. WATERS, PIERRE THÉROUX and JOHN S. HANSON 


The prevalence rate of exercise-induced S-T segment elevation of 0.1 mV or greater in symptomatic patients 
is 3.0 to 6.5 percent in most studies. The optimal exercise electrocardiographic leads to record S-T segment el- 
evation include leads II, Ill, aVF and V4 to V3. Sensitivity significantly decreases when only a single exercise lead 
is recorded. New computer algorithms require recognition of several S-T segment waveforms during S-T eleva- 
tion because the morphologic character of the waveform may change under different clinical conditions and at 
rapid heart rates. A previous myocardial infarction is the most common cause of exercise-induced S-T segment 
elevation, which usually appears in leads with Q waves and is more common after anterior wall infarction. The 
presence of exercise-induced S-T elevation after infarction implies a worse prognosis than its absence. During 
exercise 10 to 33 percent of patients with variant angina show S-T segment elevation. Exercise-induced S-T 
segment elevation also occurs in 0.2 to 1.7 percent of symptomatic patients without infarction or variant an- 
gina. 


1359 Comparison of Ambulatory Electrocardiography and Exercise Testing 


HAROLD L. KENNEDY 


Exercise testing and ambulatory electrocardiography are useful noninvasive complementary procedures. Each 
has special advantages. Ambulatory electrocardiography is more sensitive than exercise testing in the detection 
of cardiac arrhythmias and provides more valuable prognostic information relative to ventricular arrhythmia and 
sudden death in survivors of myocardial infarction. Although exercise testing often detects arrhythmias in addi- 
tion to those detected with ambulatory electrocardiography, exercise-induced ventricular arrhythmia has limited 
prognostic value. Exercise testing has the greatest predictive value relative to S-T segment changes in detecting 
coronary artery disease and provides valuable prognostic information in relation to mortality and sudden death 
in patients with acute and chronic coronary heart disease. At present, the prognostic value of S-T segment 
changes detected with ambulatory electrocardiography has not been established. 
continued on page A43 
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PRONESTYL® INJECTION 

P ocainamide Hydrochloride Injection USP 
r RIPTION: Pronestyl Injection (Procainamide Hydrochloride Injection 
- USP) is a sterile, aqueous solution providing 100 mg or 500 mg procainamide 
«hydrochloride per ml. The 100 mg/ml potency contains 0.9% (w/v) benzyl 
alcohol and 0.09% sodium bisulfite as preservatives. The 500 mg/ml potency 
| contains 0.1% methylparaben and not more than 0.2% sodium bisulfite as 

| ‘preservatives. 


SONTRAINDICATIONS: In patients with myasthenia gravis and where a 
Ri nersensitivity to procainamide exists; cross sensitivity to procaine and 

| related drugs must be borne in mind. Should not be given to patients with 
complete atrioventricular heart block. Contraindicated in cases of high-degree 
_A-V block unless an electrical pacemaker is operative. 


| PRECAUTIONS: Evidence of untoward myocardial responses should be 
carefully watched for in all patients. In the presence of myocardial damage, 
_ procainamide may produce untoward responses. In atrial fibrillation or flutter, 
| En e ventricular rate may increase suddenly as the atrial rate is slowed; ade- 
' quate digitalization reduces but does not abolish this danger. If myocardial 
age exists, ventricular tachysystole is particularly hazardous. The dislodg- 
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ment of mural thrombi producing an embolic episode may occur in correcting 
al fibrillation due to the forceful contractions of the atrium. 
Extreme caution is required in attempting to adjust the heart rate when ven- 
ricular tachycardia has occurred during an occlusive coronary episode or 
where the use of procainamide may result in additional depression of conduc- 
ti on and ventricular asystole or fibrillation as in A-V block, bundle branch 
block, or severe digitalis intoxication. 
- Parenteral administration should be monitored electrocardiographically 
“whenever practicable. Parenteral administration should be discontinued at 
once if electrocardiograms give evidence of impending heart block. This com- 
f plication should be kept in mind when treating ventricular arrhythmias 
otn parenterally) in patients with severe organic heart disease and 
'entricular tachycardia who may also have complete heart block. Since 
 asystole may result if the ventricular rate is significantly slowed without attain- 
ment of regular atrioventricular conduction, procainamide should be stopped 
1 Fand the patient re-evaluated. 
M In the presence of both liver and kidney damage, normal dosage may pro- 
kc uce symptoms of overdosage — principally ventricular tachycardia and 
vere hypotension. 
A syndrome resembling lupus erythematosus has been reported with oral 
aintenance procainamide therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and 
p ericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 
As P ositive hemolytic anemia, possibly related to this syndrome, have been 
reported. Measure anti-nuclear antibody titers at regular intervals in patients 
on procainamide for extended periods of time or in whom symptoms sug- 
E zestive of lupus-like reaction appear; discontinue drug in event of rising titer 
or clinical symptoms of LE. Steroid therapy may be effective if discontinuation 
| of procainamide does not cause remission of symptoms. If the syndrome 
| develops in a patient with recurrent life-threatening arrhythmias not otherwise 
controllable, steroid-suppressive therapy may be used concomitantly with 
Biscainamide. 


ADVERSE REACTIONS: Beeause procainamide is a peripheral vasodilator, 

_ |. V. administration may produce transient but at times severe hypotension 

pé icularly i in conscious patients. I.M. injection is less likely to cause serious 
- falls in blood pressure. Serious disturbances of cardiac rhythm such as ven- 

- tricular asystole or fibrillation are also more common with I.V. administration. 
_ A syndrome resembling lupus erythematosus has been reported in patients 
on oral maintenance therapy. Reactions consisting of fever and chills including 
_a case with fever and chills plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in SGOT following single doses of the drug have 
been reported. Bitter taste, diarrhea, weakness, mental depression, giddiness, 
psychosis with hallucinations, hypersensitivity reactions such as angioneurotic 
edema and maculopapular rash have been reported. Agranulocytosis has been 
occasionally reported following repeated use of the drug, and deaths have 
occurred; therefore, routine blood counts are advisable during maintenance 
therapy. If soreness of mouth, throat or gums, unexplained fever or any 
symptoms of upper respiratory tract infection should occur and leukocyte 
counts indicate cellular depression, procainamide therapy should be discon- 
tinued and appropriate treatment should be instituted immediately. 

. For full prescribing information, consult package insert. 

HOW SUPPLIED: Pronestyl Injection (Procainamide Hydrochloride Injec- 
tion USP) is available in 10 ml vials providing 100 mg procainamide 
- hydrochloride per ml and in 2 ml vials providing 500 mg procainamide 
. hydrochloride per ml. 
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. PRONESTYL* CAPSULES 

_ Procainamide Hydrochloride Capsules USP 


The prolonged administration of procajnamide often leads to the develop- 
ment of a positive anti-nuclear antibody (ANA) test with or without symp- 
toms of lupus erythematosus-like syndrome. If a positive ANA titer 
develops, the benefit/ risk ratio related to continued procainamide therapy 
should be assessed. This may necessitate consideration of alternative anti- 
arrhythmic therapy. 
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analogue of procaine hydrochloride and is available for oral administration as 
capsules and veneer-coated tablets providing 250 mg, 375 mg, and 500 mg 
procainamide hydrochloride. Pronestyl Tablets contain FD&C Yellow No. 5 
(tartrazine). 


CONTRAINDICATIONS: In patients with myasthenia gravis and where a 
hypersensitivity to procainamide exists; bear in mind cross sensitivity to pro- 
caine and related drugs. Should not be given to patients with complete atrio- 
ventricular heart block. Contraindicated in cases of second degree and third 
degree A-V block unless an electrical pacemaker is operative. 


PRECAUTIONS: Evidence of untoward myocardial responses should be 
carefully watched for in all patients. In the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate may increase suddenly as 
the atrial rate is slowed; adequate digitalization reduces but does not abolish 
this danger. Ventricular tachysystole is particularly hazardous if myocardial 
damage exists. 

The dislodgment of mural thrombi producing an embolic episode may 
occur in correcting atrial fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to adjust the heart rate when ven- 
tricular tachycardia has occurred during an occlusive coronary episode or 
where the use of procainamide may result in additional depression of conduc- 
tion and ventricular asystole or fibrillation as in second degree and third 
degree A-V block, bundle branch block, or severe digitalis intoxication. 

Bear in mind when treating ventricular arrhythmias in patients with severe 
organic heart disease and ventricular tachycardia that complete heart block, 
which may be difficult to diagnose, may be present. Since asystole may result 
if the ventricular rate is significantly slowed without attainment of regular 
atrioventricular conduction, procainamide should be stopped and the patient 
reevaluated. 

In the presence of both liver and kidney damage, normal dosage may pro- 
duce symptoms of overdosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus has been reported with oral 
maintenance procainamide therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and 
pericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to this syndrome, have been 
reported. Measure anti-nuclear antibody titers at regular intervals in patients 
on procainamide for extended periods of time or in whom symptoms sug- 
gestive of lupus-like reaction appear; in event of rising titer (anti-nuclear 
antibody) or clinical symptoms of LE, assess the benefit/risk ratio related to 
continued procainamide therapy (see boxed Warning). Steroid therapy may be 
effective if discontinuation of procainamide does not cause remission of 
symptoms. If the syndrome develops in a patient with recurrent life- 
threatening arrhythmias not otherwise controllable, steroid-suppressive 
therapy may be used concomitantly with procainamide. 

Pronestyl Tablets (Procainamide Hydrochloride Tablets) contain FD&C 
Yellow No. 5 (tartrazine) which may cause allergic-type reactions (including 
bronchial asthma) in certain susceptible individuals. Although the overall 
incidence of FD&C Yellow No. 5 (tartrazine) sensitivity in the general popula- 
tion is low, it is frequently seen in patients who also have aspirin hypersen- 
sitivity. 

ADVERSE REACTIONS: Hypotension is rare with oral administration. 
Serious disturbances of cardiac rhythm such as ventricular asystole or fibrilla- 
tion are more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported i in patients 
on oral maintenance therapy (see Precautions). Reactions consisting of fever 
and chills have been reported, including a case with nausea, vomiting, 
abdominal pain, acute hepatomegaly, and a rise in serum glutamic oxaloacetic 
transaminase following single doses of the drug. Agranulocytosis has been 
occasionally reported following repeated use of the drug, and deaths have 
occurred. Therefore, routine blood counts are advisable during maintenance 
procainamide therapy; and the patient should be instructed to report any 
soreness of the mouth, throat or gums, unexplained fever or any symptoms of 
upper respiratory tract infection. If any of these symptoms should occur and 
leukocyte counts indicate cellular depression, procainamide therapy should be 
discontinued and appropriate treatment should be instituted immediately. Bit- 
ter taste, diarrhea, weakness, mental depression, giddiness, psychosis with 
hallucinations, and hypersensitivity reactions such as angioneurotic edema and 
maculopapular rash have been reported. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride Tablets) 
and Pronestyl Capsules (Procainamide Hydrochloride Capsules USP) pro- 
viding 250 mg, 375 mg, and 500 mg procainamide hydrochloride are available 
in bottles of 100 and Unimatic? cartons of 100. The 250 mg and 500 mg 
tablets and capsules are also available in bottles of 1000. 
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1366 Toward the Optimal Lead System and Optimal Criteria for Exercise Electrocardiography 
MAARTEN L. SIMOONS and PIERRE BLOCK | 


On the basis of data on the whole body surface potential distribution obtained in 25 normal subjects and in 25 pa- 
tients with coronary artery disease at rest and during exercise (all with normal electrocardiograms at rest), this 
paper concludes that a single bipolar lead from the right subclavian area to lead Vs (CMs) is adequate in those 
laboratories that are restricted to testing subjects with a normal electrocardiogram at rest. Three (pseudo) or- 
thogonal leads or several standard leads are necessary in patients with a previous infarction or other abnormali- 
ties in the electrocardiogram at rest. Sensitivity of exercise electrocardiography can be increased without loss 
of specificity when a large number of leads are analyzed simultaneously. Optimal measurements from the exer- 
cise electrocardiogram are obtained from a combination of S-T amplitude, S-T slope and heart rate. 


CASE REPORTS 


1375 Complete Denervation of the Heart (Autotransplantation) for Treatment of Severe, Refractory 
Coronary Spasm 


MICHEL E. BERTRAND, JEAN M. LABLANCHE, PIERRE Y. TILMANT, GÉRARD DUCLOUX, 
HENRI WAREMBOURG, Jr. and GEORGES SOOTS 


Complete cardiac denervation produced by autotransplantation in a 49 year old man with severe coronary arteri- 
al spasm refractory to various forms of medical therapy finally relieved his recurrent chest pain. Postoperatively 
repeated continuous electrocardiographic recordings failed to detect the previously present S-T segment 
changes, but a provocative test with methergine induced S-T segment elevation in leads Il, Ill and aVF without 
pain. These results suggest that a segment of this patient's left circumflex coronary artery had excessive vaso- 
constrictor reactivity leading to spasm easily induced by ergot alkaloid. After complete denervation this segment 
remained sensitive to other stimuli and ergot alkaloids that were able to induce spasm with electrocardiographic 
changes indicating ischemia, probably by direct action on the vessel wall. 


SPECIAL DEPARTMENTS 
1379 Books Received 


1381 Letters to the Editor 
1383 American College of Cardiology News 


1391 Volume Indexes 
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another reason to prescribe Ativan: 


Ativan: no interactio 


(OICZE00M) 


Unlike diazepame and chlordiazepoxidee 
Ativan clearance is not delayed by Tagamet ™ 


.. a particularly striking and practical illustration of the fact that 
all benzodiazepines are not alike. Concomitant use of Tagamet has been 
shown to cause excessive accumulation ana oversedation in patients 
taking diazepam! No such interaction has been shown to occur with 
Ativan. Thus, with Ativan, there is less risk of drug accumulation leading to 
unwanted sedation in patients on Tagamet therapy. 

In fact, Ativan has been given with a large number of widely prescribed 
cardiovascular and gastrointestinal medications without evidence of 
interaction. All benzodiazepines, however, produce additive effects when 
given with CNS depressants, such as barbiturates or alcohol. 
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Other advantages of Ativanoazepan): 


e R 
Shorter half-life helps avoid excessive accumulation 
No active metabolites, less work for the liver 
B.IL.D. dosage encourages compliance 
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'Anxiety or tension associated with the stress of everyday life 
usually does not require treatment with an anxiolytic 
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Brief Summary of Prescribing Information. 


Indications and Usage: Management of anxiety disorders or short-term relief of symptoms of 
anxiety or anxiety associated with depressive symptoms. Anxiety or tension associated with 
stress of everyday life usually does not require treatment with an anxiolytic. 

Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients not to operate machinery or motor vehicles, and of diminished tol- 
erance for alcoho! and other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts and alcoholics. should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 


Precautions: In depression accompanying anxiety, consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid. over- 
sedation. Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may 
result in symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and 
occasional convulsions. Observe usual precautions with impaired renal or hepatic function. 
Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent. Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg/kg/day. No effect dose was 1.25mg/kg/day (about 6 times maximum human therapeutic 
dose of 10mg/day). Effect was reversible only when treatment was withdrawn within 2 months 
of first observation. Clinical significance is unknown; but use of lorazepam for prolonged 
periods and in geriatrics requires caution and frequent monitoring for symptoms of upper G.I. 
disease. Safety and effectiveness in children under 12 years have not been established. 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy. 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol. 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 


' Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 


should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug. In 
humans, blood levels from umbilical cord blood indicate placental transfer of lorazepam and its 
glucuronide. 


NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should nct be undertaken while on a drug since 
many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients, most frequent adverse reaction is sedation (15.996), followed by dizziness (6.996), 
weakness (4.296) and unsteadiness (3.496). Less frequent are disorientation, depression, nau- 
sea, change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 


Overdosage: In management of overdosage with any drug, bear in mind multiple agents may 
have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U.S.P. Usefulness of dialysis has not been determined. 


d Ativan'c 


fi(lorazepam) 
lety 
Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-Amg h.s. o 





How Supplied: 0.5, 1.0 and 2.0mg tablets. 


Wyeth Laboratories 
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How to Keep Up with 


Drug 


Interaction in 


Cancer Chemotherapy 


Three authorities from 


a leading medical center show 
d you how to use the most current 


oec 
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chemotherapeutic agents 


A SYNOPSIS OF 


At last a way to keep up with the bewildering pro- 
liferation of new chemotherapeutic drugs which 
have come into use relatively recently. This re- 
cently published guide will be valuable to every 
hospital, and every oncology specialist, general 
internist, clinical pharmacist, and nurse oncolo- 


gist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to" manual. 
Developed originally for staff use at The New York 
Hospital-Cornell Medical Center, the concept proved 
so successful it was decided to make it available to 
other professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 
following for both commercially 
available and investigational 
drugs: 

e Structure 

e Mechanism of Action 

e Pharmacokinetics 

e Toxicity 

e Therapy 

e Availability 


The chemotherapeutic agents in 

the main listing section cover 

these categories: 

* Alkylating Agents 

* Antimetabolites 

* Mitotic Inhibitors 

* Antibiotics 

* Miscellaneous (includes such 
drugs as Mithramycin, 
Mitotane, etc.) 








RICHARD T. SILVER, MD. FA.C.P, FAB.C.O 

Chief, Oncology Service, Div. Hematology- Oncology, 
Clinical Professor of Medicine, Cornell University Medical 
College, Attending Physician, New York Hospital, Exec. 
Officer, Cancer & Leukemia Group B 


R. DAVID LAUPER, Pharm. D 
Asst. Director tor Education and Information, Pharmacy 
Dept., New York Hospital-Cornel! Medical Center. 


CHARLES |. JAROWSKI, MD 

Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow, Div. of Hematology- Oncology. 
The New York Hospital. 


Use it for 30 days—FREE 


Refer to it for chemotherapeuiic. drug information for a full 
month. Then keep the book only if you want it for permanent 
reference. Otherwise simply return it and owe nothing. You 
have nothing to lose and a whole world of valuable life-saving 
knowledge to gain. Order right now! 


YORKE MEDICAL BOOKS 
666 Fifth Ave., New York, N.Y. 10103. 


AJC 6/81 


YES! Please send me a copy of A SYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refund. 
z Payment enclosed, publisher pays shipping cost. 

] Bill me plus cost of shipping 


| Charge my credit card, publisher pays shipping 
| VISA 








cost. |; Master Card 
Card No. Expire Date 
Name 
Address 
City State Zip 








New York State residents add applicable sales tax 
Outside Western Hemisphere, add $5.00 per copy. 
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The Pericardial Xenograft, now in its 10th clinical year, has shown excellent perfor- 
mance characteristics which are substantiated by a wealth of in vivo and in vitro 
data. It warrants yøur consideration for valvular replacement in both the aortic and 
mitral positions. For current data regarding the lonescu-Shiley Valve contact your 
ohiley representative. 


Shiley Inc. 17600 Gillette Ave. 

irvine, Ca. 92714 (714) 979-0500 (800) 854- 

Shiley-Howmedica 350 Ave. Louise, Boit 
B-1050 Bruxelles, Belgium Tel: (02649) 6 





Two convenient dosage forms: 
100 mg (white) and 300 mg (peach) 
Scored Tablets 


Tablets imprinted with brand name to 
assist in tablet identification. 


Wellcome 





Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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CLINICAL STUDIES 








Preponderance of Acute Proximal Left Anterior Descending 
Coronary Arterial Lesions in Fatal Myocardial Infarction: 


A Clinicopathologic Study 


EDWARD H. SCHUSTER, MD 
LAWRENCE S. GRIFFITH, MD, FACC 
BERNADINE H. BULKLEY, MD, FACC 


Baltimore, Maryland 


From the Cardiovascular Division of the Depart- 
ment of Medicine and the Department of Pathol- 
ogy, The Johns Hopkins Medical Institutions, 
Baltimore, Maryland. This study was supported by 
Ischemic Heart Disease Specialized Center for 
Research Grant P50 HL Grant 17655-05 and 
Training Grant 5 T32 HL 07227 from the National 
Institutes of Health, Bethesda, Maryland, and The 
Peter Belfer Laboratory for Myocardial Research, 
Baltimore, Maryland. Manuscript received Sep- 
tember 29, 1980; revised manuscript received 
January 19, 1981, accepted January 22, 1981. 
Address for reprints: Bernadine H. Bulkley, MD, 
Carnegie 568, Cardiovascular Division, The Johns 
Hopkins Hospital, Baltimore, Maryland 21205. 


To determine whether an acute lesion in a specific segment of the coro- 
nary tree is more likely than other obstructions to cause fatal myocardial. 
infarction, 77 autopsy patients who died of acute myocardial infarction 
were studied. Multiple coronary stenoses were present in 92 percent of 
these patients, and the proximál left anterior descending coronary artery 
before the first septal perforator accounted for only 23 percent of the 
critical narrowings (greater than 70 percent of luminal diameter). In 
contrast, acute thrombotic coronary events associated with fatal myo- 
cardial infarction occurred most often in the proximal left anterior de- 
scending artery, accounting for 61 percent of acute lesions; this rate” 
compared with 8 percent of acute lesions occurring in the mid or distal 
left anterior descending artery, 18 percent of those in the right, 6 percent 
of those in the left circumflex and 7 percent of those in the left main cor- 
onary artery. Of the autopsy patients, 32 (40 percent) had 77 prior nonfatal 
myocardial infarcts of which only 17 (22 percent) were anteroseptal in- - 
farcts related to occlusion of the proximal left anterior descending coro- | 
nary artery. The amount of infarcted myocardium in the hearts with acute 
proximal left anterior descending coronary arterial lesions was somewhat 
more extensive but not significantly different from that of hearts with other - 
acute coronary lesions. | 1 
Fifty survivors of myocardial infarction who underwent cardiac cath- - 
eterization were studied for comparison. In those patients, proximal left © 
anterior descending coronary disease accounted for 17 percent of critical - 
narrowings and only 22 percent of nonfatal infarcts. These findings suggest - 
that an acute proximal left anterior descending coronary arterial lesion 
is more likely to result in fatal myocardial infarction than are critical ob- 
structions elsewhere iri the coronary arterial tree. Because the quantity 
of the infarct does not appear to be sufficient to explain these differences, 
qualitative differences in anteroseptal myocardium are suggested. 
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The prognosis of patients with coronary artery disease has been linked | 
to the extent of the atherosclerotic process as defined by the number of - 
major coronary arteries critically narrowed at coronary arteriography; 

patients with significant narrowings (greater than 70 percent of luminal ! 
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diameter) of all three major coronary arteries have up 
to 10 times the annual mortality of patients with single 
vessel narrowing.!~? Myocardial infarction is the major 
cause of death among patients with coronary artery 

isease. We know from autopsy study that those with 
fatal infarction most often have several critical coronary 
arterial narrowings, involving two or all three of the 
major arteries, as well as narrowings at multiple sites 
within a given coronary artery. However, when an acute 

1yocardial infarct occurs, it is usually in association 
with an acute thrombotic occlusion of only one of these 
multiple stenotic sites.9-!1? The development of acute 
occlusion in any segment within the coronary bed is 
likely to lead to a myocardial infarction, but are all 
coronary sites equally prone to cause a fatal as opposed 









segment at risk for the fatal infarct? 

— Although some angiographic studies!-* have shown 
an increased risk associated with stenosis of the left 
anterior descending coronary artery, these studies did 
not study progression of disease or the coronary site of 
the final event.!! At autopsy, an acute coronary lesion 
in the anatomic distribution of the fatal acute infarct 
comprising a fresh thrombus usually overlying a rup- 
tured atherosclerotic plaque can be identified in more 
than 90 percent of instances.?.? Thus, an autopsy study 
of patients with fatal and nonfatal infarcts should allow 
a determination of “acute” anatomy of the coronary 
tree. We therefore studied 77 autopsy patients who died 
‘within 3 weeks of an acute myocardial infarction (in- 
cluding 32 [40 percent] who had a prior nonfatal infarct) 
and ascertained the location of coronary lesions asso- 
‘ciated with the fatal and nonfatal infarcts. To determine 
to what extent the severity of coronary disease in the 
autopsy patients differed from that of the clinical sur- 
vivors of acute infarction, we also studied 50 patients 
referred for cardiac catheterization after myocardial 
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infarction. The results show that an acute lesion in the 

proximal left anterior descending coronary artery is 
more likely to be associated with a fatal myocardial in- 
farct than are acute lesions elsewhere in the coronary 
tree, and that this finding is not solely dependent on 
_infarct size. 





1190 June 1981 


Methods 


Autopsy patients: Patients undergoing autopsy at The 
Johns Hopkins Hospital from 1970 to 1980 were included in 
this study if (1) the heart had been studied after postmortem 
arteriography and fixation in distension; (2) there had been 
a clinical diagnosis of possible acute myocardial infarction 
within 21 days of death; (3) there was a pathologically dem- 
onstrated myocardial infarct; and (4) both the gross specimen 
and postmortem angiograms were available for study. Because 
cardiac rupture is known to be unrelated to the location of 
acute coronary lesions,!? patients who died of rupture were 
excluded. Among 81 such consecutive autopsy patients 
studied with fatal acute myocardial infarction, an acute 
thrombotic lesion with or without plaque rupture was iden- 
tified in 77, and these 77 cases form the basis of this report. 

Postmortem coronary arteriograms were performed in all 
hearts using a barium-gelatin-pigment mass. The injections 
were made at pressures of approximately 120 mm Hg through 
cannulas tied into coronary arteries. After the heart was fixed 
in formalin with distension at pressures of approximately 40 
mm Hg, radiographs were prepared of the intact heart and of 
the transverse sections into which it was sliced. The myocar- 
dium was examined grossly and histologically. The age, lo- 
cation and extent of the acute myocardial infarct were re- 
corded, as were the presence and location of previous infarcts. 
Infarct size was quantified as a percent of left ventricular mass 
determined with use of a Hewlett-Packard digitizing computer 
from traces of left ventricular slices subjected to plani- 
metry. ; 

Location of coronary lesions: The postmortem angio- 
grams were studied for the extent of coronary artery disease, 
which was tabulated according to the recommendations of a 
committee of the American Heart Association!? (Fig. 1). A 
coronary stenosis of greater than 70 percent narrowing of lu- 
minal diameter was considered a significant coronary ob- 
struction. The location of fresh coronary arterial thrombi 
usually overlying disrupted atherosclerotic plaque was de- 
termined from gross and histologic study of the coronary ar- 
teries (Fig. 2). An acute coronary lesion associated with the 
fatal infarct was defined as a thrombus in a coronary arterial 
segment with a corresponding acute myocardial infarct in the 
distribution of that coronary artery. The coronary lesion as- 
sociated with prior nonfatal infarction was defined as a critical 
(greater than 70 percent narrowing of luminal diameter) or 
a totally occluded coronary segment with a corresponding old 
myocardial infarct in the distribution of that coronary artery. 


FIGURE 1. The American Heart Association segmental 
classification system for coronary artery disease. Seg- 
D2 ments 1 to 4 constitute the right coronary artery (RCA), 
segments 6 to 10 the left anterior descending coronary 
artery (LAD), segments 11 to 15 the circumflex coronary 
9 artery (Circ) and segment 5 the left main coronary artery 
(Main LCA). AC = atrial circumflex; AM = acute marginal; 
AV = A-V nodal; CB = conus branch; D1 = first die l; 
D2 = second diagonal; OM = obtuse marginal; PD = 
posterior descending; PL = posterolateral; RPD = right 
posterior descending; SN = sinus node; V = ventric- 
ular. » 
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By correlating the clinical data, the pathologic location of the 
myocardial infarct and the presence of the acute coronary 
arterial lesion, we determined the coronary segment respon- 
sible for the fatal infarct in 77 (95 percent) of 81 cases. 

Clinicopathologic correlation: The cases were reviewed 
and data derived from the clinical and pathologic studies were 
recorded. Where possible, the cardiac risk factors, history of 
previous infarction, electrocardiograms, Killip functional 
classification and cause of death were obtained from the pa- 
tient's clinical records. 

Clinical patients studied after cardiac catheterization: 
This group consisted of a consecutive series of 50 survivors of 
myocardial infarction referred for cardiac catheterization since 
1974. Catheterization was performed in 20 (40 percent) of 
these patients to determine prognosis, in 20 (40 percent) be- 
cause of postinfarction angina and in 10 (20 percent) because 
of postinfarction congestive heart failure. Sixty-five percent 
of the patients underwent catheterization within 3 months and 
the remainder within 1 year of infarction. In 4 patients a 
myocardial infarct could not be documented at catheterization 
and in 12 patients catheterization yielded evidence of more 
than one infarct; thus, there were 58 infarcts in the 50 pa- 
tients. 

The coronary arteriograms and ventriculograms of the 50 
patients were reviewed. A significant coronary obstruction 
was defined as 70 percent or greater narrowing of luminal 
diameter. Locations of significant coronary narrowings and 
abnormalities of segmental wall motion were classified ac- 
cording to the suggestions of the committee of the American 
Heart Association.!? In these patients, the coronary stenosis 
responsible for the nonfatal infarct was defined at catheter- 
ization as near total or total obstruction in a coronary segment 
that perfused an akinetic, dyskinetic or severely hypokinetic 
left ventricular wall segment. 

Statistics: For the autopsy and clinical series, differences 
between groups were tested for significance using chi-square 
analysis and Student's unpaired t test. 


Results 


Autopsy Patients With Fatal Infarction 


The clinical data of the 77 autopsy patients with acute 
infarction are shown in Table I, and the autopsy data 
in Table II. The patients averaged 63 years of age, and 
73 percent were men. Thirty patients (39 percent) died 
with cardiogenic shock, 14 (18 percent) with docu- 
mented ventricular arrhythmias and 5 (7 percent) with 
sudden complete heart block. Sudden unexplained 
cardiopulmonary arrest occurred in the remaining 28 
(36 percent). Thus, only 39 percent of the deaths could 
be attributed solely to pump failure secondary to de- 
struction of a large mass of myocardium. 

Infarct size and location of acute coronary ar- 
terial lesions: At autopsy, the hearts showed a wide 
range of infarct sizes. Although the infarcts caused by 
proximal left anterior descending occlusion were the 
largest, there were no statistically significant differences 
in the average size of infarcts caused by proximal left 
anterior descending lesions (29 percent of the left ven- 
tricle), as opposed to those caused by lesions of the cir- 
cumflex (20 percent of left ventricle), right (24 percent 
of left ventricle) and distal left anterior descending (25 
percent of left ventricle) arteries. The distribution of 
the acute lesions associated with the fatal infarcts is 
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shown in Figure 3. An acute lesion in segment 6 (the 
proximal left anterior descending coronary artery) was 
associated with 61 percent of the fatal infarctions. Even. 
in patients with isolated single vessel disease, the 
proximal left anterior descending coronary artery was 
the site of the fatal acute lesion in four (67 percent) of 
six patients. 





FIGURE 2. Postmortem angiogram (top) from a patient who died with 
a fatal myocardial infarct associated with an acute occlusion of the 
proximal portion of the left anterior descending (lad) coronary artery 
at the takeoff of the first septal perforating artery (arrow). The thrombus 
(Th) in the coronary artery (bottom) was superimposed on atheroscle- 
rotic plaque which narrowed the native vessel by more than 75 percent 
of luminal diameter. Hemorrhage (h) into the plaque is also noted. c — 
left circumflex coronary artery; r — right coronary artery. (Hematoxylin 
eosin X 20, reduced by 23 percent.) 
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P 
TABLE | 

Clinical Features of 77 Autopsy Patients 


Age (average, range) 63 years (27-86 years) 
Sex 






7396 male 
Race 7596 white 
History of 
. Hypertension 28 (3696) 
— Diabetes mellitus 17 (2296) 
— Hypercholesterolemia 7 (996) 
_ Tobacco usage 21 (2796) 
Congestive heart failure 29 (38%) 
|». Angina 45 (58%) 
— Previous myocardial infarction 23 (30%) 
<illip functional classification 
ET, il 45 (5895) 
— MI, IV 32 (4296) 
Yause of death 
-. Documented ventricular arrhythmias 14 (18%) 


Shock 30 (39%) 
- Complete heart block 5 (7 96) 


1 Sudden in-hospital death 28 (3696) 


"5s NC CN um 
` —— T 


— Location of acute coronary lesions correlated 
pe fatal infarction: Of the total possible number of 
1,155 coronary segments in the 77 patients, 256 were 
narrowed by more than 70 percent (3.3 critical segment 
narrowings/patient). Table II] compares the location 
of significant coronary narrowings with the location of 
acute fatal myocardial infarcts. Coronary segment 6 
(proximal left anterior descending artery) accounted for 
only 23 percent of all the significant coronary narrow- 
‘ings but was responsible for 61 percent of the fatal acute 


B cardial infarctions (p «0.005). The right coronary 


‘arterial segments (segments 1 to 4) accounted for 29 
percent of all narrowings but were only responsible for 
18 percent of fatal infarcts (p = 0.08). The circumflex 
coronary arterial segments (segments 11 to 15) ac- 
counted for 23 percent of all narrowings but only 7 
percent of fatal infarcts (p «0.005). Mid or distal left 
anterior descending coronary arterial segments (seg- 
ments 7 to 10) accounted for 20 percent of all narrowings 
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TABLE Il 
- Pathologic Features of 77 Autopsy Patients 


506 g (320-845) 
8.6 days (1-21) 


_ Heart weight (average, range) 
- Age of acute MI (average, range) 
. Site of acute MI 


. Anterior . 58 (75%) 

— Posteroinferior 14 (1896) 
Lateral 5 (796) 

. Transmural acute MI 67 (87%). 

- Size of MI (average, range) 59 g (8-152) 


- Percent LV involved by acute MI 27 96 (4—8396) 
(average, range) 


. Site of prior nonfatal MI 


Anterior 27 (3596) 
— Posterior inferior . 34 (44%) 
. Lateral 16 (2196) 
Transmural prior nonfatal MI 9 (1296) 
Coronary artery disease 
Single vessel 6 (8%) 
Double vessel 21 (2796) 
Triple vessel 50 (6596) 


LV — left ventricle; MI — myocardial infarction. 
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FIGURE 3. Segmental distribution of coronary lesions associated with 
fatal as opposed to nonfatal myocardial infarction (MI). Acute lesions 
in segment 6, the proximal left anterior descending coronary artery, 
were more likely to result in a fatal infarct (probability [p] <0.001), 
whereas lesions in the right and circumflex (CIRC) coronary arteries 
were more likely to result in a nonfatal infarct (p <0.05). 


and only 8 percent of fatal infarctions (p <0.001). The 
left main segment (segment 5) accounted for 5 percent 
of observed narrowings and 6 percent of fatal infarcts. 
Thus, the right, circumflex and the mid or distal left 
anterior descending coronary arterial segments ac- 
counted for 72 percent of chronic atherosclerotic coro- 
nary narrowings but only 33 percent of fatal infarcts (p 
«:0.005). In the four cases of acute infarction that were 
excluded from study because no acute thrombotic cor- 
onary lesion was identified, severe atherosclerotic nar- 
rowings were present in all three major coronary arte- 
ries. 

Prior myocardial infarction: There were 32 pa- 
tients who had sustained 77 prior nonfatal myocardial 
infarcts (2.4/patient). Of these nonfatal infarcts only 22 
percent were associated with an obstructed proximal 
left anterior descending segment with old infarcted 
anteroseptal myocardium. In contrast, obstruction of 
the right, circumflex and mid or distal left anterior de- 
scending coronary artery was associated with 13, 44 and 
2] percent, respectively, of prior nonfatal infarcts. 

The location of coronary lesions associated with fatal 
versus nonfatal infarcts is shown in Figure 3. A lesion 
in segment 6 (the proximal left anterior descending 
coronary artery) was more likely to result in a fatal than 
a nonfatal myocardial infarction (p <0.001). Lesions in 
the right and circumflex coronary arteries were more 
likely to be associated with nonfatal than with fatal 
infarcts (p «0.05). | 

Clinical and pathologic correlations in autopsy 
patients: A comparison of the clinical and pathologic 
characteristics of patients dying with acute infarction. 
associated with an acute proximal left anterior de- 
scending lesion (“coronary segment 6 infarcts”) and 
those with infarcts secondary to obstruction of other 
coronary arterial segments is shown in Table IV. There 
were no statistically significant differences between the 
group with proximal left anterior descending disease 
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TABLE lll 


Significant Coronary Arterial Narrowings and Acute 
Coronary Lesions in the Autopsy Group 








Chronic 
Coronary Acute Coronary 
Coronary Narrowing Lesion Associated 
Segment 270% With Fatal MI p 
Right 
1 10% 14% NS 
2 9% 3% NS 
3 9% 1% = 0.04 
4 1% 0 NS 
Left main 
5 5% 6% NS 
Proximal LAD 
6 23% 61% <0.005 
Mid and 
distal LAD 
7 9% 7% NS 
8 5% 0 NS 
9 5% 0 NS 
10 1% 0 NS 
Circumflex 
11 1696 196 — 0.001 
12 2 96 196 NS 
13 596 3 96 NS 
14 0 0 NS 
15 0 0 NS 


20 0:9 $0 DETFBISIDOUAUI TQUE E, E isin ENS 
LAD = left anterior descending; MI = myocardial infarction; NS = 
not significant; p = probability. 


(segment 6) and other groups with regard to sex, race, 
Killip classification, age of acute infarction, number of 
infarcts or the presence of single, double or triple vessel 
coronary disease. The “coronary segment 6” fatal in- 
farcts were not significantly larger than infarcts due to 
fatal lesions in other coronary segments. The largest 
infarcts were seen in the three patients with occlusion 
of the left main coronary artery. The only significant 
difference among groups with regard to cause of death 
was seen in the 10 percent of patients with an acute le- 
sion in segment 6 who died shortly after the develop- 
ment of complete heart block (p «0.05). 


Clinical Patients Surviving Myocardial Infarction 


The clinical characteristics of the 50 patients who 
survived an acute myocardial infarction are shown in 
Table V. The patients averaged 53 years of age; 74 
percent were male and 80 percent were white. Although 
it is difficult to compare an autopsy group with a clinical 
group, Table V lists many variables that were similar 
in both groups. There were no statistical differences 
between the two groups in regard to sex, race, risk fac- 
tors for coronary artery disease, history of prior in- 
farction, ventricular arrhythmias, complete heart block, 
initial Killip class or transmurality of infarction. The 
autopsy group was older, had more anterior infarcts (p 
<0.005) and had a greater prevalence of triple vessel 
disease. We therefore divided the clinical group into 
those older and younger than 55 years of age and found 

) significant differences in the number of coronary 
teries narrowed or in the location of the lesions re- 
sponsible for the infarcts among the younger and older 
age groups. 


Ne - 
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Distribution of coronary narrowings: The dis: 
tribution of significant coronary arterial narrowin oS 
(greater than 70 percent) is compared in Figure 4 for he 
autopsy and clinical groups. There was a marked simi: 
larity in distribution of chronic atherosclerotic na "= 
rowings in the two groups. The proximal left anteri OT 
descending coronary artery (segment 6) accounted for 
23 percent of all the significant coronary. narrowings 
observed in the autopsy group, and 17 percent of the 
narrowings in the clinical group (difference not signif- 
icant). Thus, the high incidence rate of proximal left 
anterior descending acute coronary lesions with fatal 


nr 


as opposed to nonfatal myocardial infarction cannot be 
explained merely by differences in the prevalence of 
chronic atherosclerotic narrowings at segment 6. 3 

The locations of the coronary segment deemed re ; 


sponsible for the nonfatal infarcts in the catheterized 









with the prior nonfatal infarcts in the autopsy group. 
There were no significant differences in the location of 
critical coronary segments that led to nonfatal infarcts 
in the autopsy and clinical groups. In particular, seg- 
ment 6 accounted for 22 percent of prior nonfatal in- 
farcts in the autopsy patients and 23 percent of the 
nonfatal infarcts in the clinical group. Thus the clinical. 
group was similar to the autopsy group in respect t« 
location of critical segments leading to nonfatal in- 
farction and the distribution of chronic atherosclerotic. 
narrowings. The striking dissimilarity in the two grou 
was the large incidence of segment 6 lesions leading to. 
fatal infarcts in the autopsy group, whereas other seg- 





TABLE IV | 
3 
Clinical and Pathologic Features of 77 Autopsy Patients à 
ee 
All 1 
Proximal Other ! 
LAD Groups p G 
Fatal coronary lesion (segment) 6 1-5, 7-15 j 
Patients (n) 47 (61%) 30(39%) | 
% Male 65 83 4 
Average age (yr) 57 64 NS. 4 
Initial Killip class (%) JM 
I-II 61 50 NS 
Ill- IV 39 50 NS 
Death due to (95) 
Shock 48 37 NS j 
Documented ventricular 
arrhythmias 13 27 NS 
Complete heart block 10 0 «0.05 — 
Other causes 29 36 NS 
Heart weight (g) 501 466 NS 
Coronary artery disease (%) 
Single vessel 8 7 NS 
Double vessel 23 33 NS 
Triple vessel 69 60 NS 
MI (average n) * 2.0 2.0 NS | 
Acute transmural MI (96) 91 80 NS k 
Grams of infarcted LV (average) 57 63 NS 
Percent LV involved by infarct 
(average + SD) 29 + 15 26+ 10 NS 


LAD = left anterior descending coronary artery; LV = left ventricle; j 
MI = myocardial infarction; NS = not significant; p = probability; SD 
= standard deviation. 
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TABLE V 
linical Features of Clinical and Autopsy Groups 
f Clinical Autopsy 
i Group Group 
E (n = 50) (n = 77) p 
Ape (mean years + SD) 532-10 63-211 «0.005 
7496 male 7396 male NS 
History of 
—. Hypertension 19(3896) 28(3696) NS 
. Diabetes mellitus 8(16%) 17(22%) NS 
Angina 20(40%) 45(58%) <0.05 
E sanam myocardial infarction 12 (24%) 23 (3096) NS 
Ventricular tachycardia or 
primary ventricular fibrillation 11(22%) 14(18%) NS 
omplete heart block 2 (496) 5(6%) NS 
itial Killip class 
37 (74%) 45(58%) NS 
Ii, IV 13 (26%) 32(42%) NS 
nner of acute MI 
Anterior 21(42%) 58(7596) <0.005 
1 Inferior 20 (40%) 14(18%) «0.01 
.. Lateral 4(8%)  5(7%) NS 
k Indeterminate 5(10%) O0 NS 
Transmural MI 40(80%) 67(87%) NS 
Coro artery disease 
4 Single sed? 12(24%) 6(8%) «0.05 
— Double vessel 14(28%) 21(27%) NS 
Triple vessel 24(48%) 50(65%) <0.05 









.— standard deviation. 


clinical survivor group. 


f Discussion 


. The left anterior descending coronary artery appears 
t be the most important of the three major vessels 
supplying the heart. Despite the multiplicity of lesions 
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i - MI = myocardial infarction; NS = not significant; p = probability; SD 


T nents were mostly responsible for the prior nonfatal 
Yfarcts in the autopsy group and for the infarcts in the 


that develop within the atherosclerotic coronary tree, 
it is the atherosclerotic plaque that develops in the 
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FIGURE 4. Distribution of significant coronary narrowings (70 percent 
or more of luminal diameter) in the autopsy and clinical groups. There 
is no significant difference in regard to the distribution of atherosclerotic 
-narrowings between the two groups. Segment 6 accounted for only 23 
percent of coronary narrowings in the autopsy group and 17 percent 
in the clinical group. CIRC = circumflex. 
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proximal portion of the left anterior descending coro- 
nary artery that is most apt to lead to a fatal infarct. 
This finding may account in part for the several natural 
history studies!-? that have found increased mortality 
in patients with single vessel coronary artery disease of 
the left anterior descending coronary artery, with a 
higher yearly mortality rate for isolated left anterior 
descending coronary stenosis of 2 to 4 percent, com- 
pared with mortality rates for isolated right coronary 
arterial stenosis of 0.5 to 2.0 percent.9 Some studies 
have observed a higher long-term mortality rate among 
patients with proximal as opposed to distal left anterior 
descending coronary narrowings, regardless of the 
number of diseased vessels,?: and a greater prevalence 
of sudden cardiac death among those with proximal left 
anterior descending coronary arterial narrowings.!4 
However, very few clinical studies have focused on 
specific segments within the coronary tree, and virtually 
all of these clinical studies have limited data on whether 
an acute coronary event was the cause of death. Al- 
though some autopsy studies!?-!1? have noted a high 
incidence rate of left anterior descending coronary ar- 
terial narrowings, these studies have not defined the site 
of obstruction within the coronary vessel and have not 
defined the temporal relation of the obstruction to the 
infarction. 

Role of proximal left anterior descending 
thrombosis in fatal infarction: In this study we have 
defined the coronary segments associated with fatal and 
with prior nonfatal myocardial infarctions detected at 
autopsy. Histopathologic evidence of fresh thrombus 
overlying an atherosclerotic plaque was used to define 
the fatal acute coronary event in 77 autopsy patients. 
Although there is controversy as to whether thrombus 
precedes or follows an acute infarct, the location of 
thrombus within the coronary artery in the distribution 
of the infarct serves as a marker for the coronary seg- 
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FIGURE 5. Coronary lesions associated with nonfatal myocardial in- 
farcts (MI’s). There are no significant differences between the autopsy 
and clinical groups. Segment 6 accounted for 22 percent of prior 
nonfatal infarcts in the autopsy patients and 23 percent in the clinical 


group. 
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ment responsible for the infarct. Even if the thrombus 
has retracted or recanalized by the time of autopsy, it 
still identifies the segment at which blood flow was al- 
tered. When studied with this approach, the proximal 
left anterior descending coronary segment proved the 
predominant site of the acute coronary event leading 
to fatal acute myocardial infarction. In the autopsy 
patients acute lesions associated with fatal infarction 
occurred in the left anterior descending coronary artery 
in 47 patients (61 percent), the mid or distal left anterior 
. descending coronary artery in 6 (8 percent), the right 
coronary artery in 14 (18 percent) and the circumflex 
coronary artery in 5 (6 percent). T'wo questions arise: 
(1) Is the prevalence of acute proximal left anterior 
descending lesions among the patients with fatal in- 
farcts merely a reflection of the prevalence of chronic 
stenosis at that site? (2) Are proximal left anterior de- 
scending lesions associated with fatal infarcts because 
a proximal left anterior descending lesion leads to a 
larger infarct? 

First, is an atherosclerotic lesion in the proximal left 
anterior descending coronary artery a cause of more 
fatal myocardial infarctions because that coronary 
segment is more commonly involved by atherosclerotic 


disease? Among autopsy patients, 70 (91 percent) had - 


multiple vessel coronary artery disease with critical 
narrowings in multiple coronary segments. However, 
the proximal left anterior descending coronary artery 
accounted for only 23 percent of the total number of 
segments with critical narrowings in these autopsy pa- 
tients and for 17 percent of those in the clinical cathe- 
terization group. Vlodaver and Edwards” studying 50 
unselected adults who died of noncardiac causes to de- 
termine the amount of coronary artery disease in a 
"normal" population, similarly identified the proximal 
left anterior descending coronary artery as accounting 
for 21 percent of all significant coronary narrowings. 
Thus, from their unselected autopsy series and our two 
groups of patients with fatal and nonfatal infarction, the 
proximal left anterior descending coronary artery ac- 
counted for less than 23 percent of all critical coronary 
narrowings. In contrast, the proximal left anterior de- 
scending lesion was responsible for 61 percent of fatal 
infarcts in our autopsy series, approximately three times 
what would be expected. 

A corollary to these findings is that the proximal left 
anterior descending coronary artery is less frequently 
associated with nonfatal myocardial infarction. Of the 
77 autopsy patients, 32 (47 percent) had a prior nonfatal 
myocardial infarction. Only 17 (22 percent) of these 
nonfatal infarcts were due to proximal left anterior 
descending coronary obstruction, whereas 78 percent 
were due to obstructions in the right, left circumflex or 
distal left anterior descending coronary artery. Simi- 
larly, among the 50 catheterization patients studied, 
proximal left anterior descending stenoses accounted 
for 17 percent of all critical lesions and were associated 
with 22 percent of all prior infarcts. The similarity in the 
distribution of chronic coronary arterial narrowings and 
of narrowed coronary segments associated with nonfatal 
infarcts in both the autopsy and the clinical groups 
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suggests that patients—living or dead— with an i 1- 
farction are apt to have extensive multivessel corona ry 
disease. But patients who die of a given infarct are mor e 
apt to do so if the infarct is associated with an acute 
occlusion of the most proximal portion of the left an- 
terior descending coronary artery in the setting of an 
anteroseptal infarction. E 

Role of infarct size: A question that arises fro 1 
these findings is whether infarction secondary to a 
proximal left anterior descending narrowing is more ap: t 
to be fatal because a larger myocardial mass is involv edi 
Previous work has shown, not surprisingly, that infarct 
size is related to the development of cardiogenic shock;?! 
impairment of ventricular function?? and the develop- 
ment of ventricular arrhythmias.?? However, clinical 
methods of evaluating infarct size have been divided as 
to whether anterior wall infarcts are larger than inferior. 
wall infarcts.?^-?6 In our study of fatal infarcts, proximal 
left anterior descending coronary lesions were not as- 
sociated with significantly larger amounts of myocardial 
damage, a finding that was true for recurrent as well as 
first infarcts. There was a trend in that the amount of 
infarcted myocardium in hearts with a proximal left 
anterior descending occlusion averaged 29 percent of 
the left ventricle, compared with the amount associated. 
with occlusion of the mid or distal left anterior de- 
scending artery (average 25 percent), right coronary 
artery (average 24 percent) or the left circumflex coro- 
nary artery (average 20 percent). This difference in in- 












farct size, although not statistically significant, could 


account for the high risk of the proximal left anterio 
descending acute lesions. 
Role of critical factors in the anteroseptal myo- 


ae 
" 


* . . i 
cardium: Because infarct size alone does not appear to 








explain fully the hazard of proximal left anterior de- 
scending occlusion, qualitative differences in antero- P 


septal myocardium should be considered. Some inves- 


| 


tigators have shown?™-30 that mortality is greater in | 
anterior than in inferior or lateral infarctions; this is nd 


necessarily due to mass of injury. Griffith et a1.?! found. 


that anteroseptal ischemia is an important cause of i 
ventricular tachycardia and ventricular fibrillation in : 
patients with acute myocardial infarction. Janushkev- | 


ichius et al.!* studied an autopsy series of 127 cases of 
sudden coronary death and found that the proximal left 
anterior descending coronary artery was significantly 
obstructed almost twice as frequently as other proximal 
or distal parts of the coronary tree. In our autopsy study 


in patients with occlusion of the proximal left anterior — 
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descending coronary artery, complete heart block was 
more likely to develop than in those with other lesions. 
The anteroseptal myocardium, either because of the 
location of the conduction system or because of a pro- - 
pensity to arrhythmias, may have certain critical 


qualitative differences. Another possible explanation ] 


for the high risk of proximal left anterior descending 
occlusion is that infarct location, as opposed to infarct 
size, may affect left ventricular function to variable 
degrees. It is possible that anteroseptal infarctions lead 
to changes in shape or distortion of the normal septal 
curvature that may adversely affect global left ven- 
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tricular function out of proportion to the amount of 
infarcted myocardium. 
— Clinical implications: In the patients with acute 
fatal myocardial infarction studied, more than half had 
an acute lesion in the proximal left anterior descending 
peronary artery. Despite the wide prevalence of diffuse 
sions and multivessel involvement in such patients, 
the proximal left anterior descending coronary artery 
appears to be “high risk" site for acute fatal infarction. 
One must at least consider this finding in the approach 
to a patient with proximal left anterior descending 
stenosis. Surgical therapy for coronary disease has not 
yet proved its efficacy for prolonging life in the majority 
f groups studied, but patients are generally studied in 
groups delineated only by the number of coronary ar- 
teries narrowed and by ventricular function. Among 
patients with single vessel coronary disease, Sheldon et 
E 32 found that those with left anterior descending 
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coronary artery disease treated surgically had an annual 
attrition rate of 1.7 percent compared with a medically 
treated group with an attrition rate of 4.8 percent. 
However, Kouchoukos et al.?? found lower mortality 
and morbidity rates in medically treated patients with 
single vessel left anterior descending coronary disease 
than in a surgical group. Both studies have been chal- 
lenged ón methodologic grounds and further informa- 
tion is needed. 

What does appear clear from our study is that the 
coronary atherosclerotic process is a segmental one, and 
the segmental nature of the lesions is of importance to 
outcome. An approach to coronary disease that em- 
phasizes the segmental process as well as the number 
of coronary arteries involved, such as the American 
Heart Association schema (Fig. 1), may be more useful 
than one based solely on the number of major coronary 
arteries narrowed. 
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Repeated 1 Hour Electrocardiographic Monitoring of 
Survivors of Myocardial Infarction at 6 Month Intervals: 
Arrhythmia Detection and Relation to Prognosis 
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death among 1,739 male survivors of myocardial infarction enrolled in 
the Health Insurance Plan of Greater New York (HIP), patients underwent 


SAM SHAPIRO 1 hour of electrocardiographic monitoring at a baseline examination. 
During follow-up periods of up to 5 1/2 years, survivors underwent r : 
New York, New York peated monitoring at 6 month intervals for a maximum of four monitorings. 


At each monitoring a constant proportion of the men—25 percent— 
showed complex ventricular premature beats (runs of two or more, R on 
T phenomenon, bigeminal or multiform beats) during the hour. In com- 
parison with men free of such arrhythmia, those demonstrating these 
complex forms in a given hour were three times as likely to show suc 
beats in a subsequent monitoring hour. The mortality risk over 3 1/2 years 
after each of the four monitoring observations was in all cases elevated 
among men with complex ventricular premature beats. The risk of sudden 
death over this period was 6 percent for men without and 13 to 17 percent 
for men with such complexes. A study of the 1,445 men who underwent 
monitoring both at baseline examination and 6 months later identified the 
presence of runs of ventricular premature beats in either observation as 
a particularly important harbinger of sudden death. - 


Patients with coronary heart disease who manifest ventricular ar- 
rhythmias have a greater risk of mortality than comparable patients 
without ventricular ectopic activity. Several studies! * have provided 
evidence for this conclusion, which applies to patients during and after 
acute myocardial infarction and to those with angina on effort who show 
no evidence of prior infarction. Although ventricular premature beats 
and other indicators of myocardial dysfunction are strongly associated,? 
we and others! have demonstrated with multivariate statistical 
techniques that the presence of ventricular premature beats makes an 
independent contribution to mortality risk. Such arrhythmia identifies 
not only patients whose poor prognosis can be attributed to left ven- 
tricular dysfunction, but also identifies a group of patients at increased 
risk imposed by the arrhythmia itself. Earlier reports? from our studies 
at the Health Insurance Plan of Greater New York (HIP), in which we 
compiled 5 year mortality data on 1,739 male survivors of myocardial 
infarction, demonstrated an especially high risk for sudden coronary 
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Against this background of increasing epidemiologic 
| certainty that ventricular premature beats indicate a 
relatively poor prognosis among patients with coronary 
heart disease, several questions can be posed. For ex- 
ample, some investigators?-!? stress the great hour to 
hour variability of ventricular arrhythmias identified 
on 24 hour Holter electrocardiographic monitoring 
| tapes in patients with coronary heart disease. These 
investigators point out the attendant difficulty of 
drawing conclusions on the effectiveness of antiar- 
rhythmic drugs, whereas others!! express skepticism 
- about prognostic statements made in relation to iden- 
tification of ventricular ectopic activity at a given 
monitoring observation because of this variability. A 
related issue concerns categorization of patients on the 
basis of findings from a single electrocardiographic 
monitoring of a given duration: What is the likelihood 
of change in such patient classification at a subsequent 
observation? 
_ We have used opportunities provided by the HIP 
study of ventricular premature beats and sudden cor- 
onary death among survivors of myocardial infarction 
- to examine some of these issues. A cohort of 1,739 men 
underwent 1 hour of electrocardiographic monitoring 
for ventricular ectopic activity at a baseline study and 
remonitoring at 6 month intervals up to a total of four 
studies including the baseline study. This report focuses 
on the findings with respect to ventricular arrhythmia 
in the various monitoring hours and develops some 
prognostic statements in relation to successive moni- 
toring observations. 


| 


Methods 


. Study patients: From a population of 120,000 men aged 
- 95 to 74 years, insured in a prepaid group practice plan pro- 
viding comprehensive medical services (HIP), 1,739 survivors 
of myocardial infarction met our study criteria!? and received 
baseline examination during a case-finding period of almost 
.4 years (March 1972 to December 1975). Standard baseline 
observations included interviews to establish personal char- 
acteristics and medical history, physical examination and 
laboratory determinations, a 12 lead electrocardiogram and 
.1 hour of single lead electrocardiographic monitoring recorded 
on a tape cassette. Patients were followed up for mortality for 
periods of up to 5.5 years (minimum 2 years, average 3.5 
years). Final mortality status, as of the last observation date 
before April 1, 1978, was known for all patients. 
É During the years 1972 to 1976 remonitoring observations 
pot 1 hour’s duration were scheduled at 6 month intervals, up 
to a maximum of 4 total monitoring hours, including the 
baseline study, in a given patient. At the time of remonitoring 
a new 12 lead electrocardiogram was also obtained, and pa- 
tients answered interval history and medication question- 
naires that were used throughout the follow-up period. Ab- 
tracts of interval hospitalizations, together with the new 
electrocardiograms, provided information to identify new 
coronary events occurring in intertals preceding a given fol- 
low-up monitoring period. The medical management of the 
study patients remained the responsibility of the patients' 
individual physicians, to whom the study team reported re- 
sults of the baseline and follow-up findings. 
Electrocardiographic monitoring: The 1,739 patients 
with myocardial infarction provided a total of 4,920 hours of 
monitoring. Almost two thirds of the patients (64 percent) 
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were monitored three or four times for 1 hour, with an average 
for the entire cohort of 2.8 hours/patient. The men eligible for - 
a given follow-up monitoring period were those who entered 
the study early enough to have reached the target follow-up 
observation in the 1972 to 1976 period, survived to that target 
date and did not miss the remonitoring because of illness, a 
move from the study area or refusal. The number of patients 
who underwent remonitoring at the first, second and third 
follow-up sessions was 1,445, 1,123 and 613, respectively. 

Computer processing of the monitoring tapes produced 
write-outs on electrocardiographic paper of all possibly ab- 
normal beats. Double reading of these sections by trained 
technicians and physicians then provided the basis for clas- 
sification of patients with respect to ventricular ectopic ac- 
tivity during the monitoring hour. Details of this method, with 
data on validation, have been published.?.!? 

Statistical analyses: These take into account varying 
durations of follow-up after a given monitoring to estimate 
cumulative probabilities for specified end points. Cumulative 
mortality rates shown in the figures and tables were adjusted 
for differences in age composition among patient groups by 
the direct method, applying specific rates for men aged 35 to 
64 and 65 to 74 years to the standard study population (a total 
of 2,155 men comprising both the 1,739 survivors of myocar- 
dial infarction and 416 men with angina on effort but no in- 
farction before the baseline study). Analyses of survival for 
this report used the Peto-Pike chi-square approximation to 
the conditional log rank test.!^!^ This method permits com- 
parison of survival curves for several groups, adjusting for 
covariates and for differences in duration of follow-up among 
the groups. A summary chi-square statistic is obtained that 
provides a conservative test of the null hypothesis that there 
are no differences in survival among the groups being exam- 
ined. Other multivariate survival analyses used Cox’s re- 
gression model! to assess the simultaneous relative contri- 
butions of one or more covariates to changes in level of mor- 
tality risk. 


Results 


Prevalence of ventricular premature beats 
during successive monitoring observations: At the 
baseline examination and in each of three successive 
follow-up monitoring hours spaced at 6 month intervals, 


TABLE | 


Prevalence of Ventricular Premature Beats (VPB) During 
Four Successive 1 Hour Monitoring Observations of a 
Cohort of Male Survivors of Myocardial Infarction 








Average 
Interval 
From VPB During Monitoring Hour 
Baseline IUS, (Cie ac E Bes 
Study Simple 
Observation (mo) Patients None Only Complex 
Baseline 
n 1,739 844 433 462 
96 100.0 48.5 24.9 26.6 
1st follow-up 6 
n 1,445 692 376 377 
96 100.0 47.9 26.0 26.1 
2nd follow-up 12 
n 1,123 543 291 289 
926 100.0 48.4 25.9 25.7 
3rd follow-up 18 
n 613 298 168 147 
96 100.0 48.6 27.4 24.0 
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TABLE Il 


Prevalence of Complex Ventricular Premature Beats (VPB) During Two Successive 1 Hour Monitoring Observations 


Separated by 6 Month Interval: Relation to Time Elapsed Since Last Acute Myocardial Infarction (MI) 


Patients 


Months Elapsed Since 
Last Acute MI n 


Patients With 
Complex VPB 


Es 
> 


% of total 


A À — ——— — 


Baseline monitoring 


Less than 3 869 
3-8 522 
9 or more 348 
Total 1,739 
1st follow-up monitoring 
Less than 3 32 
3-8 944 
9 or more 469 
Total 1,445 


1 


50.0 242 27.8 
30.0 134 25.7 
20.0 86 24.7 1 
100.0 462 26.6 
2.2 9 28.1 | 
65.3 252 26.7 
32.5 116 24.7 
100.0 377 26.1 | 
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the proportion of survivors of myocardial infarction who 
were free of ventricular premature beats during the hour 
was the same—almost half of the total number moni- 
tored (Table I). Similar constancy is apparent in the 
proportion of patients at each monitoring session who 
manifested complex ventricular premature beats (runs, 
R on T phenomenon, bigeminal or multiform beats) and 
simple premature beats (all ventricular ectopic beats 
not meeting the definition for complex forms). At each 
observation, roughly 25 percent of the patients showed 
complex ventricular premature beats in the hour, and 
another 25 percent simple premature forms only. When 
patients were classified into those with or without 
complex ventricular premature beats, 75 percent of 
those monitored at each specified follow-up period were 
classified in the same category as in the baseline study. 

The 25 percent of patients at a given follow-up session 
whose ventricular arrhythmic status differed from the 
baseline status were about evenly divided between pa- 
tients with and without complex forms. At each moni- 
toring session, the proportion of patients taking anti- 
arrhythmic drugs was similar (19 percent in the baseline 
study, and 20, 18 and 14 percent, respectively, at each 
follow-up study). This proportion was the same for men 


TABLE III 


with and without complex ventricular premature beats S 
during each monitoring hour. 

The amount of time elapsed since the last acuta 
myocardial infarction was examined in relation to th 2 
prevalence of ventricular premature beats (Table II )3 : 
There was no suggestion either at the baseline or at the. 
first follow-up monitoring hour that the period of tim 
elapsed was an important influence on the prevalence 
of such arrhythmia. The proportion of men manifesti 
complex forms in 1 hour of electrocardiographic moni- 
toring performed within 3 months of infarction was 
remarkably similar to that found among men whose 
infarction occurred less recently. 4 

Table III summarizes findings with respect to per 
tricular premature beats in a second hour of monitor- 
ing performed 6, 12 or 18 months after an earlier. 
monitoring. The proportion of men showing complex 
ventricular premature beats in the 2nd hour is shown: 
for men with and without complex arrhythmia in the. 
earlier hour. In all of these comparisons, men with. 
complex forms in the Ist hour were more than three 
times as likely as men without such forms to show 
complex forms again in the 2nd hour. More than 50 
percent of the patients with complex forms in the earlier 










Patients Manifesting Complex Ventricular Premature Beats (VPB) During a Second Monitoring Hour in Relation to Findings 


in the 1st Hour 








Patients With Patients With 
VPB 1st Hour Complex VPB 
Interval 2nd Hour 

1st Hour 2nd Hour (mo) n 96 (96) 
Baseline 1st 6 No complex 1,076 100.0 16.1 
follow-up Complex 369 100.0 55.3 
1st 2nd 6 No complex 776 100.0 15.5 
follow-up follow-up Complex 273 . 100.0 54.9 
2nd 3rd 6 No complex 414 100.0 12.1 
follow-up follow-up Complex 155 100.0 52.9 
Baseline 2nd 12 No complex 826 100.0 16.2 
i follow-up Complex 297 100.0 52.2 
tst 3rd 12 No complex 418 100.0 13.4 
follow-up follow-up Complex 162 100.0 49.4 
Baseline 3rd 18 No complex 447 100.0 13.4 
follow-up Complex 166 100.0 52.4 
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hour were identified as again showing such forms in the 
2nd hour. The likelihood that men free of complex 
$ ventricular premature beats in the 1st comparison hour 
‘would manifest such forms in the 2nd hour averaged less 
E than 15 percent (range 12 to 16 percent) (Table III). 
— Figure 1 illustrates the relation between ventricular 
arrhythmic findings during the baseline monitoring 
hour and the results of monitoring in each of the 3 
follow-up hours. Patients with no ventricular premature 
beats in the baseline hour were the most likely to be free 
rof such beats at a subsequent monitoring; and the men 
with complex ventricular premature beats in the base- 
ii ine study were the most likely to show complex forms 
and were the least likely to be free of ectopic activity in 
E follow. -up hour. Intermediate findings apply to the 
E tients with simple ventricular premature complexes 
3 only at the baseline monitoring. 
The tendency to ventricular ectopic activity was 
B oessed i in terms of frequency of ventricular prema- 
ture beats (Table IV). Earlier reports from this study?? 


Bins IV 


Frequency of Ventricular Premature Beats (VPB) During a 
2nd Monitoring Hour in Relation to That in the 1st Hour 


fe 

2nd Monitoring Hour 

be Number of VPB 

3 1st Patients (96 of patients) 

—. Monitoring Hour IE ERs 

.. (VPB frequency) n 96 0 149 1 X40 

"d 

È Baseline 1st Follow-Up 

f: 0 711 100.0 66.8 21.5 11.7 

A 1-9 373 100.0 42.6 34.9 22.5 

à 210 361 100.0 16.1 22.7 61.2 

F 1st DG e Ua Ier E ake e co Per: 
follow-up 2nd Follow-Up 
0 492 100.0° 68.5 23.2 8.3 
1-9 271 100.0 41.7 39.1 19.2 
210 286 100.0 19.2 23.8 57.0 

2nd oe aa PACE Te ee ee ee 

follow-up 3rd Follow-Up 
0 268 100.0 67.9 23.9 8.2 
1-9 168 100.0 47.0 36.9 16.1 
>10 133 100.0 14.3 28.6 57.1 
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FIGURE 1. Relations between findings with respect 
to ventricular premature beats (VPB) in two specified 
hours of electrocardiographic monitoring of male 
survivors of myocardial infarction. FU = follow-up. 
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documented the strong association between ventricular 
premature beats of high frequency and complex forms. 
About three of five men who exhibited 10 or more ven- 
tricular premature beats during the first monitoring 
period had a similar frequency of such beats in a second 
monitoring period 6 months later. Thus, whether one 
uses the number of ventricular premature beats or the 
appearance of complex forms to identify survivors of 
myocardial infarction who show significant ventricular 
ectopic activity in a given monitoring hour, the marker 
will also identify a group with a relatively high proba- 
bility of again demonstrating such activity in monitoring 
performed 6, 12 or 18 months later. 

Prognosis in relation to ventricular ectopic ac- 
tivity in successive hours of electrocardiographic 
monitoring: The role of complex ventricular premature 
beats, identified in 1 hour of baseline monitoring among 
these male survivors of myocardial infarction, in making 
an independent contribution to risk of death over pe- 
riods of up to 5 years has been documented in detail in 
earlier reports from this study.®7 This elevated risk has 
been shown to be particularly marked with respect to 
sudden coronary death. The independent mortality risk 
associated with complex ventricular premature beats 
identified during one 1 hour of electrocardiographic 
monitoring is expressed quantitatively in Table V, to- 
gether with the risk associated with the other most 
important clinical features affecting prognosis among 
these study patients. This table summarizes findings 
from Cox multivariate regression models for survival, 
listing all variables remaining after elimination of those 
that made no statistically significant contribution to risk 
of death. All available factors of possible clinical interest 
(17 variables in all) were examined in this analysis; those 
making no independent contribution to mortality risk 
in multivariate analyses were omitted in the current 
analysis.* Men with complex ventricular arrhythmia in 
the baseline monitoring hour faced 2.4 times the risk of 


* Among the variables that failed to discriminate, in this study group, 
between high and low risk of death when other factors were controlled 
were (1) use of digitalis, (2) use of antiarrhythmic drugs, (3) interval since 
acute myocardial infarction, and (4) experience of more than one prior 
infarction. 
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sudden death found in patients free of such ectopic 
activity, when the influence of the other clinical vari- 
ables shown in Table V is controlled. This is the stron- 
gest influence on risk of sudden death, followed closely 
by S-T depression and heart rate of 90 beats/min or 
more. 

The curves on the extreme left of Figure 2 illustrate 
the differential in risk of death, over a 3 1/2 year period 
after the baseline study, that is associated with the 
presence of complex ventricular premature beats in the 
baseline monitoring hour. 'The remaining curves in this 
figure compare mortality over an identical period of 
observation among men with and without complex 
ventricular premature beats, starting in each instance 
from a different, specified follow-up monitoring hour. 
At any follow-up study, those demonstrating complex 
ventricular arrhythmia in the hour had a relatively high 
risk of death over the ensuing 3 1/2 years. With respect 
to sudden coronary death, cumulated probability over 
this time period was 6 percent for men free of complex 
forms in any given monitoring hour compared with 13 
to 17 percent for the men showing such forms in the 
hour. The differential in risk of death associated with 
presence of complex ventricular premature beats re- 
mained similar, whether the starting point for obser- 
vation was the baseline hour or any of the subsequent 
monitorings (Fig. 2). 

We examined (Fig. 3) the risk of sudden coronary 
death over a period of 4 1/2 years after the first fol- 
low-up study of the 1,445 survivors of myocardial in- 
farction who were monitored both in a baseline study 
and at an average interval of 6 months thereafter. 
Figure 3A shows the cumulative probability of sudden 
death over 4 1/2 years in relation to ventricular pre- 
mature beats during the first follow-up monitoring hour 
only. Eight percent of these men exhibited runs of two 
or more ventricular premature beats during this hour, 
and by the end of the 4 1/2 years of observation the 
probability of sudden death among this small group 
(118 men) was 20 percent. Men who showed no ectopic 
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FIGURE 2. Mortality over 3 1/2 years among 
survivors of myocardial infarction in relation to 
presence of complex ventricular premature beats 
(VPB) in 1 hour of electrocardiographic monitoring: 


four separate monitoring observations at 6 month 5 VIS 85 


intervals. 
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TABLE V 


Estimated Relative Risk* of Death Over 5 Years After 
Baseline Among 1,739 Male Survivors of Myocardial 
Infarction, on the Basis of Cox Multivariate Regression - 
Models for Survival: Best-Fitting' Models for All Causes 
of Death and Sudden Coronary Death 


Sudden . 
All Causes Coronary — 
of Death Death — 

























Comparison of Variables Risk t X Risk t3 
Complex VPB vs. no complex VPB in 18 522 24 
monitoring hour 
S-T depression vs. no S-T depression 20 03 22 
pri ps heart failure (CHF) vs. no DS ATE i SS e i 
Heart rate >90 vs. heart rate <90 2.4°°" 52 D 
Duration of heart disease >1 year vs. 15- 35.8 
<1 year 
Taking vs. not taking diuretic drugs LE rae . 
Ages 65-74 vs. 35-64 years LE «7271 2 
Elevated blood pressure vs. all other 15 254 
Deaths (n) 349 149 P. 
Chi-square (df), best-fitting models 224.4(7) 97.6(5) 
Chi-square (df), original full models 232.7(13) 106. 2 f ~ 


* Relative risk is computed from the estimated coefficients obtaine 
from the Cox models. Approximate measures of the statistical signifi- 
cance of the individual coefficients are shown as the t values, definec 
as estimated coefficient divided by estimated standard error of coeffi- = 
cient. Critical values are t — 1.65, p = 0.10; t — 1.96, p = 0.05; t= 
2.58, p = 0.01. t The best-fitting model consists of those variable 
remaining after elimination of individual variables and sets of variable 
which make no statistically significant contribution to the likelihood 
function. 

df = degrees of freedom; VPB = ventricular premature beats. 


runs but other complex forms during the hour (259 men, 
18 percent of the total group) had a 12 percent risk c i 
sudden death by the end of this observation period. 
whereas those without any complex forms showed a ' 
percent risk. Over the 4 1/2 years, the risk of the men 
with ectopic runs was more than three times that of the i 
men without complex ventricular premature beats, an T 
the risk of those with complex forms other than runs was 
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almost twice that of the men with no complex ventric- 
ule rs beats (logrank chi-square (2 df) = 28.5, 


b the 1 445 men, based on the results of both the 
baseline and first follow- -up monitoring hours. The risk 
of sudden death in the 4 1/2 years after this second 
ep period was far greater among men who 


than among those who showed complex forms in only 
1 of the 2 monitoring hours (8 percent mortality rate 
am ong 338 men, with the curve appearing only slightly 
higher than that for the 903 men with no complex beats 
in either hour.). In contrast with the center curves (Fig. 
3B), Fig. 3C shows that a similar prognostic disadvan- 
tage applied to men with runs of two or more ventricular 
premature beats whether these were found in only 1 of 
ese 2 monitoring hours or in both. Men exhibiting 
runs in either hour constituted 63 percent of those who 
monito complex ventricular premature beats in both 





1 3 


nonitoring hours. Use of the 2nd monitoring hour, 
whether to identify men with runs in the 2nd hour or 
men with complex forms in both hours, permits iden- 
E of an additional 6 percent of the men who were 
the greatest risk of sudden death—20 percent cu- 
 mulative probability by the end of 4 1/2 years after the 
first follow-up study. 


Discussion 





— Prognostic significance of complex ventricular 
premature beats: The concept of electrical instability 
of ventricular myocardium embraces both increased 
peusceptibility to spontaneous or experimentally induced 
ventricular fibrillation and spontaneous ventricular 
premature beats of relatively high levels of frequency 
or complexity. Observations immediately after an ex- 
perimental occlusion of a coronary artery, as well as soon 
after the onset of a clinical episode of acute myocardial 
infarction, indicate that such electrical instability may 
appear very promptly and be responsible for an asso- 
ciated large incidence of ventricular fibrillation.!^!5 The 
rate of cardiac death, both sudden and nonsudden, in 
the early months after an acute myocardial infarction 
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Either Hour FIGURE 3. Sudden coronary death over 4 1/2 years 
mr after the first follow-up monitoring period in 1,445 
male survivors of myocardial infarction: relation to 
alternative categorizations of ventricular ar- 
rhythmia. 


is high, and falls to a fairly constant rate by some 6 
months after the acute episode.!9:7° In the HIP study 
of ventricular premature beats and sudden death, we 
have found among survivors of myocardial infarction 
a long-term increase in risk of sudden cardiac death 
associated with the presence of complex ventricular 
premature beats in 1 hour of electrocardiographic 
monitoring.?967 The persistence of electrical instability, 
placing patients at elevated risk of ventricular fibrilla- 
tion, is suggested. The findings reported here show re- 
markable constancy in the proportion of patients with 
any complex ventricular premature beats in 1 hour of 
monitoring at rest, and, in parallel, a persistent long- 
term increase in the associated risk of sudden death, 
presumably due to ventricular fibrillation. These results 
emphasize the prognostic disadvantage of complex 
ventricular premature beats in men with a healed in- 
farction. 

At the baseline examination—on the average, 3 
months after acute myocardial infarction—and at each 
of three subsequent monitorings spaced at 6 month 
intervals, men exhibiting complex beats in the hour are 
shown to be at elevated risk of death in the ensuing 
observation period. The proportion of patients with 
such elevated risk varies little between these observa- 
tions. Further, the likelihood of exhibiting ventricular 
arrhythmia in a given monitoring hour is distinctly 
greater among patients with ventricular premature 
beats in an earlier monitoring observation than among 
others. These data suggest that complex (or high fre- 
quency) ventricular premature beats in an hour of 
electrocardiographic monitoring at rest of men recov- 
ered from acute myocardial infarction identify, as a 
group, patients with a continuing tendency to electrical 
instability. Observations consistent with the HIP data 
were reported by Federman et al.,?! who studied 24 hour 
monitoring tapes in 74 patients at 2 weeks and at 3, 6, 
9 and 12 months after acute myocardial infarction. No 
important variation or trend in proportion of patients 
demonstrating any ventricular arrhythmia (about 80 
percent) or any "significant" arrhythmia (about 54 
percent) emerged in this series of observations. 

Variability of ventricular arrhythmia in differ- 
ent monitoring periods: The variability in expression 
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of ventricular ectopic activity from hour to hour among 
patients with coronary heart disease has been well 
documented, ?-!? and there is no question that it is large. 
Investigators have warned that, when the purpose of 
monitoring is assessment of the antiarrhythmic effect 
of a drug in an individual patient, caution must be ex- 
ercised in drawing conclusions that fail to take account 
of this random variability. However, when the purpose 
of monitoring for ventricular ectopic activity is to 
identify a group of patients with a relatively high mor- 
tality risk, quantified in relation to findings in a speci- 
fied duration of monitoring, concerns about hour to 
hour variability are less relevant. Complex ventricular 
premature beats, noted during 1 hour of monitoring of 
patients after infarction, identify those who (if they 
survive for future monitoring observations) will again 
be likely to manifest such arrhythmia. At future dates, 
often far removed from the original observation, these 
patients have a relatively high chance of succumbing to 
ventricular fibrillation. 

Comparison with previous studies: In this large 
epidemiologic study, practical considerations led to 
selection of 1 hour of electrocardiographic monitoring 
as the basis for classification of patients with and 
without ventricular ectopic activity. We have demon- 
strated that a monitoring observation of this length will 
consistently select 25 percent of this group of survivors 
of myocardial infarction as showing complex ventricular 
premature beats in the hour. The group of patients se- 
lected in this way is at elevated risk of death—especially 
sudden coronary death—over periods extending to 5 
years from the date of monitoring. This risk is inde- 
pendent of other clinical variables with important 
prognostic roles. Previous reports suggest that if pa- 
tients with coronary heart disease are monitored long 
enough, almost all will manifest some ventricular pre- 
mature beats. Thus, in 6 hours of Holter monitoring 
Moss et al.?? reported a 72 percent incidence rate of 
ventricular premature beats in patients 3 weeks after 
myocardial infarction. Kotler et al.” noted an incidence 
rate of 80 percent in 12 hour recordings, and Lown et 
al.?* monitoring ambulatory patients for 24 hours found 
ventricular premature beats in 85 percent of patients. 
Despite differences in populations and in duration of 
monitoring, studies dealing with the prognosis of pa- 
tients with coronary heart disease have all shown a 
prognostic disadvantage associated with various defined 
categories of ventricular arrhythmia.!^??:25 Estimates 
of the magnitude of the excess mortality risk vary with 
definition of the ventricular arrhythmia in relation to 
duration of monitoring, as well as with the size and na- 
ture of the study population sample. The important 
point is that all such studies lend support to the hy- 
pothesis relating ventricular ectopic activity to risk of 
ventricular fibrillation among patients with coronary 
heart disease. 

Role of successive monitoring hours: Decreasing 
proportions of the 1,739 survivors of myocardial in- 
farction in this study were monitored at each successive 
follow-up period, and it is appropriate to consider 
whether any selection bias might seriously limit con- 





















clusions based on more than one monitoring observa- 
tion. It is true that patients with complex ventricular 
premature beats in the baseline hour, to the extent that 
their mortality risk is elevated, are less likely to undergo 
monitoring in the first follow-up study. But other in- 
fluences on likelihood of follow-up monitoring—in 
particular, date of entry into the study and moves out 
of New York City—were far stronger than mortali Y 
and we find no basis for postulating any differential in 
prognosis in relation to these factors. The 1,445 men 
who underwent a first follow-up monitoring constitute 
83 percent of the total cohort and 85 percent of all me a 
who survived to date of scheduled observation. It is 
reasonable to view the persistence of elevated risk of 
sudden death among the men with complex ventricular 
premature beats at the second monitoring, the in- 
tensification of this risk among men who had such 
complex beats at both monitorings, and the special 
disadvantage found among the men with runs of pre- 
mature beats at either monitoring as further evidence : 
of the long-term influence of ventricular ectopic activity 
in indicating a relatively poor prognosis among survivors 
of myocardial infarction. However, it should be note : | 
that the 2 hours of monitoring contributing to prog- 
nostic statements dated from first follow-up study were 
separated by an average interval of 6 months, and no 
information is available from this study to permi " 
comparison of such findings with those from 2 consec- 
utive monitoring hours. 

We have no data on the indications used by individua 
family physicians as a basis for prescribing antiar-. 
rhythmic drugs. Nevertheless, similar proportions of 
patients were taking such drugs at each monitor 
observation, and these proportions were about the same 
among patients with and without ventricular arrhyth- 
mia in the monitoring hour. This circumstance does not 
suggest any important influence on the practice of the 
patients' family physicians from the results of the: 
monitoring. 

Clinical implications: Earlier HIP reports?’ have 
noted the high degree of association between ventricular | 
premature beats of high frequency and those with 
qualitative features defined as complex (runs, R on 
phenomenon, bigeminal or multiform beats), as well as 
the strong associations among these specified charac- - 








teristics. We have pointed out that a variety of classi- - 
fications may be used successfully to identify those 
patients at greatest risk for sudden death, and that the | 


A 


choice may often be a matter of convenience. Never- 
theless, it has been possible in a recent analysis? to show 
that a subgroup of the men demonstrating complex 
ventricular premature beats in the baseline hour—those 
with runs of two or more premature beats or with R on 
T phenomenon—were at exceptionally high risk for 
sudden coronary death over a 5 year observation period. 
It is of some interest that the men in this subgroup were 
for the most part not patients with sustained ventricular 
tachycardia. Only about 20 percent of all patients with | 
runs of premature beats showed three or more consec- 4 
utive ventricular premature beats in the monitoring | 
hour. The serious prognosis associated with runs of | 
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premature beats is emphasized by analysis of the results 
of successive monitoring periods. In examining prog- 
nosis from the date of the first follow-up monitoring, the 
presence of runs of premature beats in a single hour— 
whether the baseline or a follow-up study—was shown 
to signal a high risk of sudden death which differed little 
from that for men manifesting runs in both these sample 
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hours. In contrast, the broader category of “complex 
ventricular premature beats" had to occur in both hours 
for the men to be identified as at equivalent risk of 
sudden death. The extremely high risk associated with 
the presence of runs is consistent with the hypothesis 
that such arrhythmia is uniquely related to risk of 
ventricular fibrillation. 
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In recent years end-stage congestive cardiomyopathy has become an 
increasingly frequent clinical diagnosis in candidates for cardiac trans- 
plantation. Forty-six patients who underwent transplantation because of 
congestive cardiomyopathy and 59 because of coronary artery disease 
were studied between 1971 and 1978 at Stanford University. The overall 
1 year survival rate was similar in the two groups: cardiomyopathy- 
transplant, 64 percent and coronary artery disease-transplant, 55 percent. 
The survival rate has improved substantially for both groups within the 
last decade: The 3 year survival rate for cardiomyopathy-transplant pa- 
tients undergoing cardiac transplantation since 1974 is nearly 60 percent. 
In contrast, 36 similarly ill patients with cardiomyopathy not undergoing 
transplantation had a 1 year survival rate of 23 percent and a 3 year 
survival rate of 4 percent (p <0.001). Survival rates in the cardiomyop- 
athy-transplant group were unaffected by age (greater or less than 40 
years). Patients in this group under age 40 had a lower frequency of in- 
fection (1 per 313 patient-days versus 1 per 195 patient-days in the older 
group, p <0.05) and a significantly longer interval to second rejection 
episodes (p <0.05), a measure of rejection frequency. Cardiomyopa- 
thy-transplant patients under age 40 had fewer deaths due to rejection 
(17 percent) compared with older patients in this group (36 percent). 
Cardiac transplantation is an effective treatment for end-stage ong: 
cardiomyopathy. 


Cardiac transplantation has become a relatively successful mode of 
treatment for patients with various types of end-stage heart disease. The 
current expected 1 year survival rate is 70 percent, with a yearly attrition 
rate of 5 percent thereafter.! 

Most previous reports have described results for heart transplant 
patients as a whole, without regard to the cardiovascular disorders ne- 
cessitating transplantation. In 1973 Barnard? observed that from 1967 
to 1971, only 5 of 35 patients with cardiomyopathy who underwent 
transplantation lived beyond the Ist year. The proportion of patients 
undergoing transplantation due to cardiomyopathy has increased in 
recent years. Also, the postoperative management of the cardiac trans- 
plant patient has advanced greatly in the last decade.?^ For these reasons 
it has become important to determine: (1) whether patients with car- 
diomyopathy undergoing transplantation fare differently from those 
with other cardiac disorders, primarily ischemic heart disease; and (2) 
at what point in the cardiomyopathy patient's illness cardiac trans- 
plantation should be considered. 
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TABLE | 
Summary of Data on Three Study Groups 






p Group n 


— NYHA = New York Heart Association classification.5 


Methods 


= Subjects: We studied three patient groups (Table I). 
Group I (cardiomyopathy-transplant) was composed of 46 
patients aged 14 to 64 years with a clinical diagnosis of con- 
gestive cardiomyopathy who underwent cardiac transplan- 
Bro at Stanford between January 1971 and August 1978. 


^ M 
*X7T 


p E ure of rheumatic fever, thyroid disease, dia- 
betes mellitus, vitamin deficiency or collagen-vascular syn- 
dromes. We included one patient with a clinical diagnosis of 
familial dilated cardiomyopathy and two patients with alco- 
ho lic cardiomyopathy. The remainder were classified as 


wi En the c cai of "pem. cardiomyopathy e pe mi- 
croscopic findings of cell hypertrophy, abnormal nuclei and 
interstitial fibrosis). 

— Group II (coronary artery disease-transplant) consisted 
of 59 patients aged 27 to 55 years with severe congestive heart 
failure and myocardial dysfunction secondary to coronary 
artery disease. These patients also underwent cardiac trans- 
lantation at Stanford between 1971 and 1978. 

_ Group III (cardiomyopathy-nontransplant) was composed 
f 36 patients (aged 15 to 64 years) with a clinical diagnosis 
f idiopathic congestive cardiomyopathy. This group served 
asa comparison with the cardiomyopathy-transplant group: 


E. il 
pe of Historical Findings in Patients With 
Cardiomyopathy * 


Be 


Cardiomyopathy- Cardiomyopathy- 





Transplant Nontransplant 
lumber in group | 46 36 

A r)! 37.4 t 1.8 39.4 t 2.3 

Duration of symptoms (mo)! 37.3 + 7.0 34.0 + 6.2 
ertional dyspnea 85% 89 96 
lest dyspnea 22% 14% 
nea 63% 44% 
iroxysmal nocturnal dyspnea 57 96 5096 
Chest pain 37 96 33 96 
Peripheral edema 3096 17 96 
Abdominal swelling 24% 17% 
Syncope 15% 6% 
Positive family history? 37% 44% 
Significant alcohol use$ 15% 17% 


* All differences are not significant statistically. ' Values are mean 
zx standard error of the mean. + First degree relative with cardiomegaly, 
cardiomyopathy, congestive heart failure or unknown heart disease. 

Regular consumption of more than the equivalent of two beers or 
mixed drinks/day. 


Clinical Diagnosis 
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NYHA Received 
Class Transplant 


Observation 
Period 
























Cardiomyopathy-transplant 46 Congestive cardiomyopathy IV Yes 1971-78 
Coronary artery disease-transplant 59 Coronary artery disease IV Yes 1971-78 
Cardiomyopathy-nontransplant 36 Congestive cardiomyopathy IV No 1973-78 
Total 141 


Patients in the cardiomyopathy-nontransplant group were 
clinically similar to those in the cardiomyopathy-transplant 
group, but did not undergo transplantation either because 
they were not considered sufficiently ill for the operation or, 
having been accepted as transplant candidates, died while 
waiting for a suitable donor. 

We conducted a retrospective review of the records of all 
three groups. Each patient was systematically evaluated for: 
(1) cardiac symptoms, (2) physical findings, (3) laboratory 
results, (4) chest X-ray and echocardiogram results, (5) he- 
modynamic and angiographic findings, and (6) pathologic 
findings of either the whole heart (for patients with trans- 
plantation) or of biopsy-obtained tissue in selected cases. 

Rejection episodes in the patients with transplantation 
were diagnosed or confirmed in each case by endomyocardial 
biopsy. Routine post-transplant management and treatment 
of rejection were carried out as previously reported.! 

Analysis of data: Analysis of variance, Student's t test or 
Scheffé's procedure for comparison of means from more than 
two groups was used where appropriate. Rejection and in- 
fection episodes were analyzed using both a Poisson risk model 
and a nonparametric model for multivariate analysis,’ with 
assistance from Dr. Jerry Halpern of the Department of 
Biostatistics, Stanford University. Cox survival curves? were 
constructed for rejection episode data. 


Results 


Clinical features of patients with cardiomyopa- 
thy: The transplant candidates with congestive car- 
diomyopathy and the patients with cardiomyopathy not 
undergoing transplantation were similar with regard to 
historical findings and clinical features (Table II). Age, 
duration of symptoms, prevalence of dyspnea, chest 
pain, peripheral edema, abdominal swelling, syncope 
and history of familial cardiomyopathy or of alcohol 
consumption were similar in the two groups. Physical 
findings were also the same for the cardiomyopathy- 
transplant and cardiomyopathy-nontransplant groups. 
Laboratory, hemodynamic and echocardiographic data 
(Table IIT) did not differ significantly in the two groups. 
Chest radiographs of all patients showed marked car- 
diomegaly. 

Survival rates: The 1 year survival rates for the 
cardiomyopathy-transplant and coronary artery dis- 
ease-transplant groups were similar. During the period 
from 1977 to 1978, the 1 year survival rate of the car- 
diomyopathy-transplant group was 69 percent; during 
the 1974 to 1976 period it was 68 percent; during the 
1971 to 1973 period 50 percent and the rate was overall 
64 percent. The 1 year post-transplant survival rates of 
coronary artery disease-transplant recipients were 67, 
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TABLE III 


Summary of Blood Chemistry, Cardiac Catheterization and Echocardiographic Data in Patients With Cardiomyopathy 


Blood urea nitrogen (mg/100 ml) 

Creatinine (mg/ 100 ml) 

Lactic dehydrogenase (IU/ml) 

Serum glutamic oxaloacetic transaminase (IU/ml) 
Cholesterol (mg/100 ml) 

PA (s/d/m) 


LV (s/ed) 
Cardiac index (liters/min per m?) 
LVIDaga (cm) 


% FS 


* All values are + standard error of the mean. Differences are not significant statistically (p 70.1). Values in parentheses indicate the numb d 


of patients in the group for whom data were retrieved. 
LV = left ventricular pressures (systolic/end-diastolic); LVIDa4 = 
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left ventricular internal diameter at the end of diastole; PA = pulmonary e 


pressures (systolic/diastolic/mean); 96 FS = percent fractional shortening. 


63 and 41 percent, respectively, during the same inter- 
vals, and 55 percent overall. The differences between 
1 year survival rates in the two transplant groups were 
not statistically significant. Patients with cardiomy- 
opathy who did not undergo transplantation had sur- 
vival rates of 23 percent at 1 year, 12 percent at 2 years 
and 4 percent at 3 years (Fig. 1). 

Survival beyond the first 3 post-transplant months 
allowed a substantial increase in 1 year survival. For 
patients with cardiomyopathy surviving this early 
postoperative period, the overall (1971 to 1978) 1 year 
survival rate was 85 percent. One-year survival in the 
cardiomyopathy-transplant group was not affected by 
age: Identical survival rates were observed for patients 
with cardiomyopathy 40 years of age or older and for 
those under 40. 

Allograft rejection: The frequency of rejection was 
higher during the immediate postoperative period (3 
months) than subsequently. In the cardiomyopathy- 
transplant group, rejection occurred at an overall fre- 
quency of once every 42 days for the first 90 postoper- 
ative days, yielding an average during that interval of 
1.8 episodes/patient. Late rejection (beyond 90 days) 
occurred at a mean rate of once every 845 days. 

An alternative measure of rejection frequency was 
the time required to arrive at a defined rejection epi- 
sode. The second rejection episode was chosen because 
nearly all (approximately 90 percent) of patients un- 
dergo graft rejection sometime in the first few weeks 
after transplantation; later rejection episodes are more 
sensitive for disclosing differences between patient 
groups. Analysis of arrival time to the second rejection 
episode revealed a relative advantage for younger pa- 
tients. Compared with cardiomyopathy-transplant 
patients 40 years of age or over, fewer patients under 40 
years experienced a second rejection episode at any 
given point in the early postoperative period (Fig. 2). 
This difference was statistically significant (p <0.05). 
In neither the under 40 nor the 40 or over age group was 
there any statistically significant difference between the 
cardiomyopathy-transplant and the coronary artery 
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Cardiomyopathy- Cardiomyopathy- 
Transplant Nontransplant 
25.4 t 1.5 (46) 30.7 + 3.2 (36) 
1.43 + 0.007 (46) 1.29 + 0.07 (36) 
226 + 14 (46) 260 + 19 (36) 
54.5+ 5.2 (46) 77 + 17.0 - (36) 
180.8 + 9.3 (46) 180.1 + 17.5 (36) 
52/28/36 (42) 48/26/34 (36) 
+2.3/1.4/1.5 +0.2/1.3/1.7 
99/25 (30) 103/27 
+3.0/1.5 +3.0/1.5 
1.7 € 0.1 (36) 1.9 1 0.2 
6.7 + 0.3 (20) 7.131 0.3 
10.6 + 0.696 (20) 12.2 + 16% 


disease-transplant groups with respect to the proportion ) 
reaching the second rejection episode. 

Infection: Under established procedures for man- 
aging cardiac transplant recipients,’ the cardiomyop- 
athy-transplant group sustained a clinically significant 
infection averaging once every 242 days. In the 40 or 
over age group the mean frequency of infection was onc - 
every 195 days, compared with once every 313 days for 
the under 40 age group. With use of the Poisson risk 
model, which assumes that events are independent and 
occur at a constant rate, the difference between age 
groups is significant (p <0.05). However, most infections 
tend to occur early in the postoperative course, during 
maximal immunosuppression. Analysis of later infec- 
tions—number of days to reach second and third epi- 
sodes—showed that differences between age group 
were not statistically significant (p >0.10). 

Deaths: The proportions of deaths due to infectior 
and acute rejection were similar for both the cardio- 


A 


Percentage surviving 





Years after transplantation | 


FIGURE 1. Survival curves for patient groups under comparison. The 
proportion surviving is plotted against time for patients undergoing 
transplantation because of end-stage cardiomyopathy (CM-T, solid 
circles) or coronary artery disease (CAD-T, open circles). The group 
with cardiomyopathy not undergoing transplantation is represented by 
crosses. | 
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Days after transplantation 
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myopathy-transplant and coronary artery disease- 
transplant groups. This was also true for allograft ath- 
erosclerosis, which was responsible for 7.6 percent of the 
deaths in the cardiomyopathy-transplant group and 8. 3 
percent in the coronary artery disease- transplant group 
(Table IV). Only 17 percent of deaths in the patients 
under age 40 in the cardiomyopathy-transplant group 
were attributed to allograft rejection, compared with 36 
ercent of those 40 or over. The younger patients in the 
cardiomyopathy-transplant group had fewer deaths due 
to infection as well, but a larger proportion of death 
from other causes (Fig. 3), including accidents and 
ymphoma. Because of the small sample size in these 
E no statistical significance could be assigned to 
hese results. 
. Rehabilitation: The rehabilitation of long-term 
cardiac transplant survivors was relatively successful. 
Eighty percent of patients in the cardiomyopathy- 
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omparative Causes of Death Among Cardiac Transplant 
Recipients 
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P Coronary Artery 
Cardiomyopathy- Disease- 
Transplant Transplant 

Cause of Death (n = 26) (n — 36) 
Infection 46 96 56 96 
Acute rejection 3196 28 96 
Chronic rejection/graft 7.696 8.396 

atherosclerosis 

Other 19 96 8.396 
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FIGURE 2. Cox survival curves 
showing age variation in the time to 
second rejection episode for the 
cardiomyopathy-transplant (CM-T) 
and coronary artery disease-trans- 
plant (CAD-T) groups. The propor- 
tion of patients who had reached 
their second early rejection episode 
is plotted against the first 90 post- 
operative days for patients with 
cardiomyopathy under (open tri- 
angles) and over (open circles) age 
40 and for patients with coronary 
artery disease under (open squares) 
and over (closed circles) age 40. 
The differences between the curves 
for the patients with coronary artery 
disease and cardiomyopathy are not 
significant (p = 0.45). The differ- 
ences between the curves with re- 
80 spect to age are statistically sig- 

nificant for each group (p <0.05). 

pts = patients. 


^ CM-T pts « 40 years 
o CAD-T pts < 40 years 


o CM-T pts > 40 years 
CAD-T pts = 40 years 


transplant group surviving the first three post-trans- 
plant months returned to New York Heart Association 
functional class I. Ninety percent of long-term survivors 
returned to normal physical activity, assuming em- 
ployment, choosing active retirement or entering 
school. 


Discussion 


As expected, post-transplantation survival of patients 
with cardiomyopathy is similar to that of recipients with 
coronary artery disease. Those patients undergoing 
transplantation in more recent years have enjoyed im- 
proved survival to the current expected rate of ap- 
proximately 70 percent at 1 year. This figure is sub- 
stantially exceeded by that of patients who survive the 
first 3 postoperative months. There are presently no 
clear ways to predict which patients will be more likely 
to survive that period. 

In this series, patients with cardiomyopathy not 
undergoing transplantation had a much lower survival 
rate than those undergoing the operation. This finding 
in patients with cardiomyopathy agrees with previous 
data for all transplant candidates as a whole.? It also 
confirms the clinical observation that severe congestive 
cardiomyopathy has a poor prognosis and that spon- 
taneous remission is unlikely. 

Role of age: Survival of cardiomyopathy-transplant 
recipients in this series was less dependent on age than 
expected: The 1 year survival rate for patients in this 
group over age 40 resembled that in younger patients. 
This finding departs somewhat from previous obser- 
vations in transplant recipients as a group, in whom 1 
year survival was better in younger patients.!? The 


1208 June 1981 The American Journal of CARDIOLOGY Volume 47 


EXC TPEERGECDUqua- emp 





current observation may be due to improved general 
post-transplant management, better selection of 
transplant candidates or enhanced survival of cardio- 
myopathy-transplant recipients as opposed to those 
with coronary disease. 

Role of lymphoma after cardiac transplantation: 
On the whole, the causes of death were similar in the 
transplant groups with cardiomyopathy and coronary 
disease. In this small series, younger patients in the 
cardiomyopathy-transplant group tended to have a 
greater proportion of deaths due to “other causes" 
(lymphoma, leukemia or accident) than did older pa- 
tients. The increased incidence of lymphoma in younger 
cardiomyopathy-transplant recipients has previously 
been reported.!! The small number of patients involved 
plus the feasibility of effective treatment for lymphoma 
tend to diminish its prominence as a cause of death in 
the transplant recipient. Whether young patients with 
cardiomyopathy possess immunologic features distin- 
guishing them from other recipients is the subject of 
current research.'? 

Rehabilitation: Rehabilitation of the severely ill 
patient with cardiomyopathy after transplantation is 
very encouraging. As in the general transplant recipient 
group, patients with cardiomyopathy enjoy a high rate 
of return to normal physical activity after transplan- 
tation. The relatively poor prognosis for end-stage 
cardiomyopathy without transplantation underscores 
the importance of considering this treatment for all 
patients with end-stage myocardial disease. 

Conclusions: Nearly half of all patients now under- 
going cardiac transplantation at Stanford have end- 
stage cardiomyopathy. This relative increase in the 
proportion of such patients has been accompanied by 
improved survival and rehabilitation. Younger trans- 
plant recipients with cardiomyopathy appear less likely 
to die from acute rejection or infection but may face 
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FIGURE 3. Causes of death in patients who underwent transplantatior 1 
because of end-stage cardiomyopathy. The proportions of deaths at- 
tributed to infection, acute rejection, and other causes are illustrated 
for patients 40 years of age or over (hatched bars) and under 40 (s 
bars). The number of patients in each category is indicated at 
bottom. 


increased risks from other disorders, such as lymphoma. - 
The favorable outlook for patients with cardiomyopathy h 
reported here warrants consideration of cardiac trans- 
plantation in selected patients with this disorder. 1 


Acknowledgment Á 


We express appreciation to Bonita L. Bell for her assistance 
in the preparation and revision of the manuscript. 


domized clinical trials requiring prolonged observation of each 
patient. Br J Cancer 1976;34:585-612; 1977;35:1-39. 

8. Cox DR. Regression models and life-tables. J Royal Statis Soc B. 
1972;34:187-202. 

9. Schroeder JS, Rider AK, Stinson EB, Shumway NE. Cardiac - 
transplantation. Review of seven years experience. Transplant Proc | 
1976;8:5-8. 1 

10. Hunt SA, Rider AK, Stinson EB, et al. Does cardiac transplantation i 
prolong life and improve its quality? An updated report. Circulation 
1976;54:Suppl III:1II-56—60. 1 

11. Anderson JL, Fowles RE, Bieber CP, Stinson EB. Idiopathic car- i 
diomyopathy, age, and suppressor-cell dysfunction as risk deter- í 
minants of lymphoma after cardiac transplantation. Lancet 

1978;2:1174-7. | 
1 
E 


12. Fowles RE, Bieber CP, Stinson EB. Defective in vitro suppressor 
cell function in idiopathic congestive cardiomyopathy. Circulation 
1979;59:483-91. 





l 


ob ud am 





1209 - 





Exercise-induced Angina Provoked by Aspirin Administration 
In Patients With Variant Angina 





KUN 
d 

i 

E 

| 

' 

| 


==> 


=y ; 


. From the Third Division, Department of Internal 
Medicine, Kyoto University, Kyoto, Japan. Manu- 
script received August 11, 1980; revised manu- 
Script received December 9, 1980, accepted 
December 18, 1980. 

Address for reprints: Prof. Chuichi Kawai, Third 
Division, Department of Internal Medicine, Kyoto 
University Hospital, 53 Kawaracho Shogoin, 
Sakyo-ku, Kyoto 606, Japan. 


The effects of aspirin (4.0 g/day) given orally to eight patients with variant 
angina were observed. An exercise stress test performed in the morning 
was positive in two of seven patients during placebo administration, 
whereas a test performed in the afternoon at the same exercise work load 
resulted in negative findings. During aspirin administration, the afternoon 
exercise test repeatedly provoked anginal attacks associated with 
electrocardiographic changes (S-T segment elevation in five and S-T 
depression in two). Rate-pressure product at the end of the exercise test 
during aspirin administration was significantly lower than that during 
placebo administration (p <0.01). During aspirin administration, the 
frequency of angina increased markedly, and the attacks occurred not 
only during the night or early morning but also in the daytime in six of the 
eight patients. Our observations suggest that aspirin, in this large dose, 
reduces the capacity for exercise and provokes exercise-induced coro- 
nary arterial spasm in patients with variant angina. 


Coronary arterial spasm plays an important role in the genesis of isch- 
emia in patients with Prinzmetal's variant form of angina.!~° Recent 
studies indicate that coronary spasm may contribute to the pathogenesis 
not only of variant angina or angina at rest? but also of effort angina’® 
and myocardial infarction.? Moreover, in the presence of critical stenosis, 
even normal coronary arterial vasomotion superimposed on an organi- 
cally narrowed vessel may cause ischemic episodes.!? 

Attacks of variant angina are generally not provoked by exercise.':!! 
However, Yasue et al.!? reported that in patients with variant angina 
exercise could induce coronary spasm with S- T segment elevation in the 
early morning but not in the daytime. There is increasing evidence!?-!6 
for the role of sympathetic control in the regulation of coronary blood 
flow. The autonomic nervous system, particularly alpha adrenergic 
mechanisms, reportedly provoke exercise-induced coronary spasm.?:?.1? 
The role of prostaglandins in triggering coronary spasm has also been 
described.!^-?! Aspirin inhibits prostaglandin synthesis by blocking the 
activity of cyclo-oxygenase.!" In this report we describe the effects of 
aspirin administration on daytime exercise stress tests in patients with 
variant angina. 


Methods 


Study patients: The study included eight patients with Prinzmetal's variant 
angina in whom coronary arterial spasm during anginal attacks was evidenced 
at the time of coronary arteriography. All eight patients had attacks of chest pain 
associated with S- T segment elevation in electrocardiograms obtained at mid- 
night or early in the morning. Age, sex, electrocardiograms at rest and during 
the anginal attacks and results of the exercise stress test and coronary arteri- 
ography are shown in Table I. Physical examination revealed essentially normal 
findings in all these patients during the angina-free periods. 

All patients were told that they would be given a drug that might induce cor- 
onary arterial spasm and they understood that the result of the test would be 
helpful in the diagnosis and treatment of variant angina. Written informed 


1210 June 1981 The American Journal of CARDIOLOGY Volume 47 


TABLE | 


DUC ehh eet. 0-7 a EHE IS Ir Ne 
A e x y t: 


EXERCISE-INDUCED ANGINA PROVOKED BY ASPIRIN—MIWA ET AL. 


Electrocardiographic and Coronary Arteriographic Findings in Eight Patients With Variant Angina | 
P 


Exercise Test 


-$ 
"i 
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Electrocardiogram Placebo Coronary : 
Age (yr) Arteriogram 
Case & Sex At Rest During Attack a.m. p.m.* Aspirin (96 stenosis) 

1 56M Normal S-T elevation, V;-Vs + = S-T elevation, V4,- Vs 99%LAD 
50%RCA 
50%LCx 

2 71M Normal S-T elevation, Il, Ill, aVF —t ni S-T elevation, Il, III, aVF 9096 RCA 
90 %LCx 

3 66M Normal S-T elevation, Il, Ill, aVF ~ Té S-T elevation, Il, Ill, aVF 25%RCA 

4 56M Normal S-T elevation, V;-Vs5 t = S-T elevation, V;-Vs 90%LAD — 
5096 RCA 

5 42M Normal S-T elevation, V,-V4 Z - S-T elevation, V,-V4 75%LAD | 

45M T flat, V5, Vg S-T elevation, V 4- Vs = - S-T depression, V4- Vs Normal t 

7 53M Normal S-T elevation, Il, IIl, aVF "a > S-T depression, Il, lll, aVF 75%LAD 
25% RCA 

8 60M T inversion, S-T elevation, V4-V5 Not performed 9096LAD 

Vo-Vs 7596LCx 





* Same exercise level as in the a.m. exercise test. t Early exhaustion. 
left anterior descending coronary artery; LCx = left circumflex coronary artery; RCA = right coronary artery; — 


LAD = 
tive. 


consent was obtained from each patient, and no untoward 
events were noted after the procedures. 

. Diagnostic procedures: None of the patients had ingested 
digitalis or diuretic drugs, and all drugs except nitroglycerin 
were withheld for at least 3 days before the study. After 4 days 
of placebo administration, aspirin (4 g/day in two doses of 2 
g each) was given orally together with antacids at 9:00 p.m. and 
9:00 a.m. on 2 successive days. After 5 or more days of no as- 
pirin administration, aspirin was again administered on 2 
successive days. Each anginal attack was documented elec- 
trocardiographically. 

The treadmill exercise stress test was performed using a 
modification of the method of Bruce and Hornsten?? around 
10:00 a.m. and 3:00 p.m. during the period of placebo admin- 
istration in seven patients. Patient 8 could not perform the 
exercise test because of deformant osteoarthropathy. Elec- 
trocardiograms were constantly monitored and blood pressure 
was measured by a cuff method every minute during the ex- 
ercise test. Exercise was stopped when typical anginal pain, 

dyspnea and exhaustion developed. All seven patients un- 
dertook the second exercise test using the same protocol and 
work load as in the first exercise test. In each patient, the third 
exercise test was performed in the afternoon on the second day 
of aspirin administration using the same protocol as in the first 
exercise test. When administration of aspirin was repeated 
after 5 days without the drug, the exercise test with the same 
protocol was repeated. The exercise test was again repeated 
5 or more days after the last administration of aspirin. 

Coronary cinearteriography was carried out in all patients 
and coronary spasm was documentated during attacks while 
ergonovine maleate was infused intravenously. Coronary 
stenosis was graded according to the reporting system of the 
American Heart Association.?? 


Results 


Placebo versus aspirin administration: The 
treadmill exercise test in the morning induced angina 
with S- T segment elevation in only two of seven patients 
(Cases 1 and 4). The same test induced no angina or 


= PITE —_—- - 


= negative; + = posi-- 


electrocardiographic changes in the afternoon in any of 
the seven patients (Table I, Fig. 1 to 3). With aspirin 
administration, the exercise tests revealed in all seven 
patients a decreased exercise tolerance compared with 
findings during placebo administration. The results of 
the exercise study were confirmed by repeated trials" 


during the second placebo and aspirin administration 
periods. Electrocardiography during the exercise-in- 
duced chest pain demonstrated S- T segment elevation 
in five patients and S-T depression in two (Fig. 3). The 
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FIGURE 1. Electrocardiograms. Above, the treadmill exercise stress 
test at 3:00 p.m. induced neither angina nor any significant change in 
the electrocardiograms during the period of placebo administration. 
Below, after aspirin, 2.0 g, one dose each at 9:00 p.m. and 9:00 a.m. 
for 2 successive days, the same exercise test at 3:00 p.m. readily 
provoked angina with S-T segment elevation. BP — blood pressure. 
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FIGURE 2. Case 3. Electrocardiograms. Protocol and results as in 
‘Figure 1. 
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es two patients complained of rather mild chest 

ppression and dyspnea in comparison with the former 
croup. The mean maximal rate-pressure product dif- 
fered significantly (p <0.01) in the placebo and aspirin 

Büministration periods (Fig. 4). During aspirin admin- 

Foon ate the attacks of angina were readily provoked 
oon after initiation of the exercise. Five days after the 
cessation of aspirin administration exercise no longer 
provoked anginal attacks (Fig. 5). 

Attacks of angina were rare after admission and never 
‘occurred spontaneously during the study in Patient 1 
or 7. In the other six patients, anginal attacks became 
very frequent, even during the daytime, during the pe- 
riod of aspirin administration (Table IT). 

Induced and spontaneous coronary spasm: Er- 
 gonovine maleate, 0.05 to 0.3 mg infused intravenously, 

provoked angina with S-T segment elevation in all eight 
atients. In Patient 3, angina with S- T segment eleva- 


tion occurred spontaneously during the catheterization 
b: 

f Before Immediately 

2 Exercise After Exercise 


; Placebo aVr LJ. 





BP 





BP 126/88. 180/90 
FIGURE 3. Case 7. Electrocardiograms. Protocol as in Figure 1; how- 
ever, S-T segment depression rather than elevation i is observed during 
the exercise-induced angina. 
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FIGURE 4. The mean maximal rate-pressure product of the seven pa- 
tients in the first exercise stress test after aspirin administration (right) 
was significantly lower (p « 0.01) than that immediately before aspirin 
administration during the placebo period (left). 


performed during aspirin administration. Coronary 
arteriography during anginal attacks in all patients 
showed coronary spasm in the large coronary arteries 
supplying the myocardial area manifesting S-T segment 
elevation. 


Discussion 


Exercise-induced coronary spasm in patients 
with variant angina: In six of these eight patients, 


Placebo 5 days after 
cessation 


of aspirin 


Aspirin 





FIGURE 5. Case 3. Left, exercise stress test at 3:00 p.m. never induced 
angina during placebo administration. Middle, during aspirin adminis- 
tration exercise-induced angina with S-T segment elevation in leads 
Il, Ill and aVF occurred soon after initiation of exercise. Right, after 5 
days of cessation of aspirin administration exercise no longer induced 
angina or S-T elevation. 
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critical organic coronary stenosis (75 to 99 percent 
narrowing of luminal diameter) was evident on angi- 
ography. Because an increase in coronary blood flow is 
restricted in such patients, an increase of oxygen con- 
sumption by exercise may induce anginal attacks. But 
since the afternoon exercise test did not provoke angina 
to any greater extent than was seen in the morning, 
additional factors have to be considered. Coronary 
spasm occurs at rest but can also be provoked by exer- 
cise in the early morning in patients with variant angina. 
However, even in such patients, exercise does not pro- 
voke coronary spasm in the afternoon when myocardial 
metabolism increases and the coronary arterial tone 
decreases. !? 
Coronary spasm and prostaglandin I»: Certain 
factors are concerned with the production of coronary 
spasm. Recently we?* reported that aspirin in large 
doses had an aggravating effect on anginal attacks in a 
case of variant angina. In the present study, we found 
that the exercise stress test during aspirin administra- 
tion provoked anginal attacks in patients with variant 
angina. Large doses of aspirin inhibit the synthesis of 
prostaglandin I», a potent coronary vasodilator, in the 
endothelium of the vascular wall as well as the synthesis 
of thromboxane A» in platelets, by blocking the activity 
of cyclo-oxygenase.?92526 There are now abundant data 
suggesting that prostaglandin I; has a protective effect 
against coronary spasm!3.!9.21,27 and that decreases in 
prostaglandin I, synthesis precede the pathologic 
changes in the progress of atherosclerosis.28 | 
Exercise-induced coronary spasm after aspirin: 
It is conceivable that in our patients the inhibition of 
prostaglandin I; synthesis by aspirin increased the 
frequency of angina and induced attacks, even in the 
daytime when angina rarely occurred during the placebo 
period. The exercise stress test performed in the after- 
noon, which was negative during the placebo period, 
readily provoked angina after aspirin administration. 
Because the rate-pressure product at the time of exer- 
cise during aspirin administration was significantly 
lower than that during the placebo period, the occur- 
rence of angina with exercise during the former period 
cannot be attributed to an increase in oxygen demand 
but rather to a decrease in oxygen supply, suggesting a 
reduction in coronary blood flow. When the protection 
of prostaglandin I» is suppressed by aspirin adminis- 
tration, alpha adrenergic stimulation by exercise may 


cause coronary spasm or may block coronary vasodila- - 


tation required to increase oxygen supply, even in the 
afternoon. Indeed, Güllner et al.29 reported that the 
pressor effect of norepineplirine would be augmented 
when prostaglandin synthesis is inhibited by indo- 
methacin, a compound that blocks the activity of 





TABLE Il 4 


Frequency of Angina and Results of Afternoon Exercise 
Test in Eight Cases 





Angina 
Daytime* Results of 3 
Total ^ Attacks/Day Attacks Afternoon i 
Days (mean) (mean) Exercise Test 
Case 1 
Placebo E 0.0 0.0 = 4 
Aspirin 4 0.0 0.0 + a 
Case2 | | 
Placebo 4 2.5 0.5 = 
Aspirin 4 11.5 4.3 + 
Case 3 ; 
Placebo 4 1.3 0.0 - j 
Aspirin 4 9.5 2.0 + ' 
Case 4 
Placebo 4 1:0 0.0 a 
Aspirin 4 3.8 1.3 H ! 
Case 5 i 
Placebo E 1.3 0.0 ~ 
Aspirin 4 4.5 1.5 * 
Case 6. ) 
Placebo 4 5.0 0.5 — 
Aspirin 4 7.8 1.5 T | 
Case 7 j 
Placebo 4 0.0 0.0 - 
Aspirin 4 0.0 0.0 23 ^ 
Case 8 , 4 
Placebo z 1.3 0.0 ND | 
Aspirin 4 5.3 2.0 ND 


* Daytime = from 9:00 a.m. to 9:00 p.m. | 
ND = not dorie; — = negative; + = positive. 


cyclo-oxygenase. In Cases 6 and 7, S-T segment de- 
pression was observed in the exercise test during the 
period of aspirin administration. In such cases, spasm 
would be incomplete and would lead to subendocardial 
ischemia but not to transmural ischemia. 

Clinical implications: We have confirmed that large 
doses of aspirin have ari aggravating effect on variant 
angina by blocking prostaglandin I; synthesis, although. 
aspirin in smaller doses has been reported to be effective 
in reducing the development of myocardial infarction?! 
and its mortality.?? If aspirin is administered to patients. 
in danger of coronary spasm, it may be preferable to give 
small doses of this drug, which would suppress throm- 
boxane A» synthesis in the platelets, but not the syn- | 
thesis of prostaglandin Ip. We have given small doses of 
aspirin to some patients, but did not confirm that this’ 
agent prevented attacks in patients with variant an- 


gina. 
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A clinically applicable method was developed for calculating aortic valve J 
stroke volume using the echocardiographically recorded initial and late 
aortic cusp separation, ejection time and amplitude of posterior aortic — 


root motion during ejection. The formula was tested prospectively in 55 


patients for whom 65 Fick [n = 26] or thermodilution [n = 39] cardiac — 
output determinations were performed simultaneously with echocardi- — 
ography. Aortic valve echograms were recorded in all patients and mitral : 
valve echograms were also recorded in 48 of the 55 patients. Twenty — 
patients had nonrheumatic mitral regurgitation. For the 65 studies, linear — 
correlation (r) was excellent between the aortic valve method and Fick — 
or thermodilution method for stroke volume (r — 0.96, standard error of E 


the estimate [SEE | + 6 cc) and for cardiac output (r = 0.92, SEE + 0.44 


liters). Differences between cardiac output values obtained from aortic E 
valve echograms and either Fick or thermodilution techniques ranged from 
—1.4 to +1.5 liters/min and were normally distributed. Ninety percent 
of the computed aortic valve data was within 15 percent of the Fick or — 


thermodilution data. 


Aortic valve stroke volume correlated well (r — 0.93) with stroke vol- $ 
ume derived from mitral valve echograms in the patients without mitral 


regurgitation but did not correlate well (r = 0.78) in the patients with mitral 


regurgitation. Mitral valve stroke volume exceeded aortic valve stroke 
volume by more than 20 percent in 19 of the 20 patients with mitral 
regurgitation compared with 1 of 28 patients without mitral regurgitation. 


The presence or absence of ventricular dyssynergy did not alter statistical 
findings. Data from this study show that (1) aortic valve echograms can 
be used clinically to measure forward stroke volume, and (2) the differ- 


ence between mitral valve and aortic valve volume should be a measure 


of mitral regurgitant flow. 


Echocardiographic patterns of motion recorded from the aortic valve 
and aortic root are affected by aortic flow volume and velocity. Experi- 
mental! and clinical?? studies have shown positive correlations between 
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stroke volume and aortic valve cusp separation? and between stroke © 


volume and the total area inscribed by the aortic cusp echoes.'? Laniado 


and associates! reported in 1976 experimental data that clearly dem- - 
onstrated that an accurate estimate of aortic stroke volume could be © 
obtained with use of planimetry of the M mode aortic valve echogram. - 


More recently Jacobs et al.? subjected systolic valve echo motion to 
planimetry and found good correlation with forward stroke volume in 
22 patients studied. However, planimetry has not gained wide clinical 
application. 

Aortic root motion is also related to thé pattern of blood flow*-? and 


to left ventricular function.!? Systolic anterior displacement of the aortic — 


root coincides with initial blood flow in the ascending aorta. Reduction 
in either aortic flow velocity5? or volume?! of flow results in decreased 
total amplitude of echographic root motion recorded during ejection. 
We have developed an alternative method of using M mode aortic 
valve and aortic root echograms to derive forward stroke volume. The 
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purpose of this study was to test our method prospec- 
tively and to compare stroke volume obtained from 
aortic valve echograms with stroke volume obtained 
from mitral valve echograms as a preliminary step in 
developing a noninvasive method for measuring 
regurgitant flow in patients with mitral insufficiency 
secondary to left ventricular dysfunction. 

E 


à Methods 


Calculation of aortic valve stroke volume: Echocar- 
diographic variables and the formula used to derive aortic 
valve stroke volume are illustrated in Figure 1. A minimum 
of four aortic echograms recorded during the cardiac output 
study were used to calculate aortic valve stroke volume. The 
‘echograms selected did not comprise consecutive complexes 
‘in all cases. The maximal number of complexes measured 
depended on the regularity of cardiac rhythm and respiratory 
variation. In all cases, attempts were made to measure com- 
plexes representative of and proportional to a consecutive 
-minute's worth of echograms. When variation in the electro- 
cardiographic R-R interval was less than the equivalent of 10 
beats/min and visual appearance of the echogram did not 
change, a total of four aortic echograms were measured and 
averaged. Aortic echograms were selected between minutes 
: and 3.5 of the 4 minute Fick study and during each minute 







of thermodilution determination. When variation in the R-R 

interval exceeded the equivalent of 10 beats/min (and in three 
cases with atrial fibrillation), 10 consecutive complexes be- 
tween minutes 2 and 3 were measured and averaged. When- 
ever respiratory variation was evident, measurable echograms 
were averaged throughout a respiratory cycle. Premature 
complexes, and the echogram preceding and immediately 
following the premature beat, were included among a mini- 
mum of eight echograms measured for each of the four pa- 
tients with premature complexes. Values for all complexes 
_were used to calculate the mean for each variable. The cal- 
E 
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culated number for aortic valve stroke volume was rounded 
to the nearest whole number. 

Patients: Fifty-five patients in whom 65 simultaneous M 
mode echocardiograms and either thermodilution (n = 39) or 
Fick (n = 26) cardiac output determinations were performed 
are included in this study. A diagnosis of coronary artery 
disease was made when (1) selective coronary cineangiography 
showed 75 percent or greater narrowing of luminal diameter 
of at least one of the three major coronary arteries, or (2) 
electrocardiographic Q waves greater than 0.04 second were 
present. Cardiac auscultation was performed in all patients 
by an independent physician observer in order to detect 
clinically mitral regurgitation, mitral stenosis, aortic regur- 
gitation or aortic stenosis. A holosystolic murmur was con- 
sidered to represent mitral insufficiency when (1) the murmur 
was loudest at the apex and radiated to the axilla, or (2) 
regurgitant flow from the left ventricle to the left atrium was 
evident on left ventriculography in the absence of premature 
ventricular complexes, or both. The degree of mitral regur- 
gitation was subjectively quantitated and classified as being 
either mild (grade 1-2/6 murmur), moderate (grade 2-3/6 
murmur) or severe (grade 4/6 murmur). 

The patient selection protocol for attempting simulta- 
neous cardiac output and echocardiographic studies was 
based on the availability of technically good aortic valve 
echograms recorded in baseline tracings the day preceding 
invasive studies. None of the study patients had echocardio- 
graphic evidence of mitral valve prolapse, mitral stenosis, 
aortic stenosis or aortic insufficiency. None of the first 46 
patients studied were preselected on the basis of clinical his- 
tory; the last 9 patients were selected for study because each 
had known nonrheumatic mitral regurgitation. 

Cardiac output determination: Patients undergoing 
cardiac catheterization underwent Fick cardiac output studies 
before the angiographic studies were performed. Patients were 
allowed to practice breathing with the mouthpiece in place 
and nose clamped for 30 to 60 seconds before collection of data 


AVO= 2.2cm[/2 4 * 201 - 2| 


| ET | ET-.44sec 


FIGURE 1. Diagram of aortic valve echogram il- 
lustrating where measurements are taken and the 
formula used to calculate aortic valve stroke 
volume (AVSV). Average aortic valve opening 
(AVO) is the initial plus late aortic cusp separation 
divided by 2 and measured as the internal distance 
between peripheralmost cusp echoes (cm). ET is 
ejection time, expressed in seconds and measured 
as total time the aortic valve is open. AA is the 
amplitude (in mm) of echographic motion recorded 
from the posterior aortic root during ejection. Heart 
rate (HR), expressed in beats/min, is calculated 
by dividing the number 60 by the corresponding 
R-R interval in seconds. 
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began. Venous and arterial blood were simultaneously sam- 
pled over 1 minute beginning at 2 1/2 minutes and ending at 
3 1/2 minutes into the 4 minute study. Venous samples were 
obtained from the pulmonary artery, and arterial samples 
were obtained from the thoracic aorta by way of the right 
femoral artery. Expired air was collected in a Douglas bag and 
the quantity of air inspired was measured using a Tissot spi- 
rometer. Expired air was collected for 4 minutes while a lead 
II rhythm strip and echocardiograms were simultaneously 
recorded. Thermodilution cardiac output determinations were 
performed in patients either (1) ina coronary care unit, or (2) 
during invasive hemodynamic testing of antihypertensive 
agents. Computation of thermodilution output values was 
made at the bedside using either an Edwards model 9510 or 
model 5100 computer, and an average of three output deter- 
minations measuring within 10 percent of each other were 
used for comparison with echocardiographic values. 
Echocardiography: Echoes from the mitral valve or aortic 
valve, or both, were recorded from the third, fourth or fifth 
intercostal space using commercially available ultrasonoscopes 
and 2.25 megahertz transducers. With the transducer per- 
pendicular to the chest wall, echoes from the mitral valve were 
] recorded. The transducer was then angled medially and 
cephalad to record aortic valve echoes. During cardiac output 
determinations in 48 patients, echoes from the aortic and 
mitral valves were recorded for at least 30 seconds; in 7 other 
patients only aortic valve echograms could be adequately re- 
corded. Simultaneous studies in an additional nine patients 
were attempted, but these studies were excluded because of 
inadequate aortic valve echograms (n = 4) or technical dif- 
ficulties in obtaining reliable cardiac output values (n = 5). 
All echograms were recorded using a strip chart recorder at 
paper speeds of 25 and 50 mm/s and 0.2 second time lines were 
recorded on all tracings. 
Mitral valve stroke volume: Calculation of stroke volumes 
derived from mitral valve echograms were made using the 
previously published formula!? (Fig. 2): 


Mitral valve stroke volume 
EE(mm) 
heart rate(beats/min) 





t P-R(s) 


2 X DE(mm/s) 
heart rate(beats/min) 


where EE = distance between E points of the anterior and 
posterior mitral leaflet, and DE = the slope of the curve from 
D to E. The validity of this technique has previously been 
described.12.13 

Echocardiographic determination of regurgitant 
fraction: Mitral regurgitant flow was defined as the difference 
between mitral and aortic valve stroke volumes, and regur- 
gitant fraction was calculated as this difference divided by 
mitral valve stroke volume and expressed as a percent. The 
presence of mitral regurgitation was determined echocardi- 
ographically when the regurgitant fraction was at least 20 
percent. We did not have biplane angiographic data for 
quantitating mitral regurgitation. 

Statistical analyses: Linear regression analyses, Student's 
t test, the Mann-Whitney U test and the Kolmogrov-Smirnov 
test were used to test for any significant differences between 
stroke volume and cardiac output values obtained with 
echocardiographic, thermodilution and Fick techniques. 


X 100 + 


Results 


Stroke volume and cardiac output: Statistical data 
comparing Fick or thermodilution values with echo- 
graphic aortic and mitral valve values in 48 patients in 
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FIGURE 2. Diagram of mitral valve echogram illustrating both the 
variables (top) and the formula (bottom) used to calculate mitral valve | 
stroke volume (MVSV). EE is measured from the outermost echoes ot 
the anterior and posterior leaflets. DE is measured as the most rapid - 


slope in the DE echo. Heart rate (HR) is calculated by dividing the numbers 
60 by the R-R interval in seconds. 4 


whom both values were recorded are given in Table I for - 
stroke volume and in Table II for cardiac output. Figure 
3 shows data comparing aortic valve echographic stroke 
volume with Fick or thermodilution stroke volume in - 
all 55 patients (with a total of 65 simultaneous aortic - 
echograms and cardiac output determinations). | 
For all 65 studies, values for forward Fick or ther- 
modilution stroke volume ranged from 14 to 116 cc 
cardiac output from 1.42 to 7.94 liters/min and heart 
rate from 52 to 136 beats/min. Correlation between . 
aortic valve stroke volume and Fick or thermodilution — 
stroke volume yielded an r value of 0.96 with a standard 
error of the estimate (SEE) of 6 cc and a standard de- 
viation (SD) of 21 cc. The correlation coefficient for - 
cardiac output was r — 0.92 (SEE 0.44 liters/min, SD 
1.12 liters/min). There were no statistically significant . 
differences, and correlation coefficients ranged from r 
= 0.88 to r = 0.95 when aortic valve cardiac output data 
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Statistical Data Comparing Fick or Thermodilution Stroke 
Volume Values With Echocardiographic Aortic and Mitral 
Valve Stroke Volume Values in Patients With and Without 
Mitral Regurgitation 
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Patients Without Patients With 
Mitral Mitral 
Stroke Volume Regurgitation Regurgitation 
(cc) (n = 28) (n = 20) | 
Range 
Fick-TD 25-116 14-61 | 
Aortic valve 27—106 19-56 3 
Mitral valve 24—119 34-85 
Mean, median, SD 
Fick-TD 70,72, 22 43, 42, 14 
Aortic valve 69, 73, 21 42, 42, 10 
Mitral valve 70, 74, 21 61, 59, 13 
Correlation coefficients 
Fick-TD vs. aortic valve r = 0.93 (SEE 6) r=0.95 (SEE 4) 
Fick-TD vs. mitral valve r = 0.94 (SEE 7) r=0.70 (SEE 10) 
Aortic vs. mitral r = 0.93 (SEE 8) r=0.78(SEE8) ~ 1 


r — correlation coefficient; SD — standard deviation; SEE = standard 
error of the estimate; TD — thermodilution. 
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TABLE II | 
Statistical Data Comparing Fick or Thermodilution Cardiac 
Output Values With Echocardiographic Aortic and Mitral 
Valve Cardiac Output Values in Patients With and Without 
Mitral Regurgitation 
f 





Patients Without Patients With 
| Mitral Mitral 
- Cardiac Output Regurgitation Regurgitation 
T (liters/min) (n — 28) (n = 20) 
Range 
-= Fick-TD 2.94-7.94 1.82-6.08 
.. Aortic valve 2.45-6.97 2.38—5.46 
.. Mitral valve 2.87-6.70 4.18-7.0 
Mean, median, SD 
E Fick-TD 5.24, 5.11, 1.08 3.83, 3.87, 0.98 
_ Aortic valve 5.15, 5.14, 0.98 3.73, 3.64, 0.73 
-Mitral valve 5.21, 5.21, 1.01 5.45, 5.45, 0.80 
Correlation coefficients 
_ Fick-TD vs. aortic valve r = 0.88 (SEE 0.44) r = 0.92 (SEE 0.31) 
— Fick-TD vs. mitral valve r = 0.84 (SEE 0.50) r = 0.49 (SEE 0.72) 
_ Aortic vs. mitral r = 0.86 (SEE 0.45) r = 0.56 (SEE 0.70) 








; r = correlation coefficient; SD = standard deviation; SEE = standard 
srror of the estimate; TD = thermodilution. 


E 
1 
E compared only with Fick data, only with thermo- 
‘dilution data, only for one cardiac output study per 
patient or only in individual patient groups based on the 
presence or absence of mitral regurgitation. Amplitudes 
of posterior aortic root motion were not statistically 
related to the presence or absence of mitral regurgita- 
on. 
A Patients without mitral regurgitation: Twenty- 
eight patients had no clinical or objective evidence of 







| 120 
$ 100 zi 


80 


Fick-TD 
SV (Cc) 


60 


20 


@N 
ESCAD 
AMR 


AVSV 


1218 June 1981 


9i "ax 5 TEJ in > P " 
p H - wr). + a» Tig 4 
T t ci " F x 1 hs cni " NE 


& - "e Xx «xl Sd á ^w 
oe PME RM rm e ee ee A, TES 947 s CRINE HII MUT Y ONE S oe. 
ECHO ARDIOGRAPHIC AORTIC VALVE STROK VOLUN - CORYA ET AL. 





mitral regurgitation; 10 of these had no evidence of heart 
disease; 10 had chronic coronary artery disease and 8 
had acute myocardial infarction. In this group there 
were no statistical differences in echocardiographically 
calculated aortic valve stroke volume and cardiac output 
compared with stroke volume or cardiac output derived 
by thermodilution or Fick techniques or as calculated 
from mitral valve echograms (Tables I and II). 


In these 28 patients, mitral valve stroke volume minus 


aortic valve stroke volume ranged from —13 to +18 cc. 


Only in one patient did flow calculated from the valve 
echograms indicate a mitral regurgitant fraction greater 
than 20 percent. 

Patients with mitral regurgitation: Twenty pa- 
tients had evidence of mitral regurgitation either on 
auscultation (n = 14) or on ventriculography (n = 6). 
Eighteen of these patients had either acute (n — 9) or 
old (n = 9) myocardial infarction, and two had conges- 
tive cardiomyopathy. In these patients there were no 
statistical differences between stroke volume and car- 
diac output values derived from aortic valve echograms 
compared with values derived by Fick or thermodilution 
techniques (Tables I and II). However, there were sta- 
tistically significant (p «0.001) differences between 
stroke volume (Fig. 4) and cardiac output values derived 
from aortic and mitral valve echograms. These differ- 
ences were due to overestimation by the mitral valve 
method of forward stroke volume and cardiac output 
in 19 of the 20 cases. 'This overestimation in stroke 
volume ranged from 11 to 46 cc, yielding regurgitant 
fractions ranging from 21 to 56 percent (Fig. 5 and 6). 
Quantitative angiographic data were not available for 


N=65 (55) 


r=.96 


SEE 6 
SD 21 


FIGURE 3. Fick or thermodilution 
(TD) stroke volume (SV) compared 
with echocardiographically calcu- 
lated aortic valve stroke volume 
(AVSV) for 65 simultaneous cardiac 
output and echocardiographic 
studies performed in 55 patients. 
Closed circles indicate normal 
subjects; closed squares indicate 
patients with coronary artery dis- 
ease; closed triangles indicate 
patients with mitral regurgitation. 
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comparison. In one false negative study in a patient with 
moderate mitral regurgitation clinically mitral exceeded 
aortic valve stroke volume by only 8 cc, representing a 
regurgitant fraction of 17 percent. 

When data derived from the mitral and aortic valve 
echograms were compared, the correlation coefficient 
was r = 0.78 for stroke volume and r = 0.56 for cardiac 
output (Table II). Mitral valve cardiac output values 
exceeded aortic valve cardiac output values by more 
than 1 liter/min in 18 of the 20 patients with mitral 
regurgitation. 

The echocardiographically calculated regurgitant 
fraction did not predict the clinical degree of mitral 
regurgitation as assessed from loudness of the murmur. 
Although 15 of the 20 patients had clinically moderate 
mitral regurgitation, there was considerable overlap in 
the echographic data, with regurgitant fractions in these 
15 ranging from 19 to 53 percent. This finding may be 
due to the dependence of intensity of the murmur 
on left ventricular function as well as regurgitant frac- 
tion. 


Discussion 


Aortic valve echographic measurements to de- 
rive stroke volume and cardiac output: Our results 
indicate that in the absence of aortic valve disease, 
systolic flow across the aortic valve can be accurately 
quantitated using aortic valve echograms. The variables 
used for calculating aortic valve flow were selected be- 
cause they provide measurements related to both for- 
ward stroke volume and velocity. Aortic cusp separation 
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in the echogram reflects the area of the valve orifice! 
that is directly influenced by stroke volume.!-? Tota 
duration of cusp separation was measured for ejection 
time.! Motion of the posterior wall of the aortic root was 
measured because it is influenced by aortic flow veloc- 
ity® as well as volume.5? Posterior aortic root motion’ 
is also affected by changes in left atrial volume.!^ Be- 
cause statistical correlation between aortic valve echo- 
graphic stroke volume and Fick or thermodilution 
stroke volume remained excellent when patients with 
nonrheumatic mitral regurgitation were considered - 
alone, the effect of regurgitation on root motion was not. 
thought to be a problem in this study. + 
Figure 7 illustrates the difference in aortic valve and : 
aortic root motion between a subject with a normal — 
cardiac output and a patient with a very low cardiac 
output due to poor left ventricular function. The grad- - 
ually decreasing aortic valve cusp separation in the 
latter patient may be associated with relatively good - 
initial flow that cannot be sustained.!® We think that 
the strikingly low amplitude of posterior aortic root 
motion associated with severe left ventricular dys- 
function indicates decreased velocity and volume of k 
blood flow. | 
The units used in the aortic valve stroke volume - 
formula and the manner in which the variables were 
combined were purposely selected to enable aortic valve 
stroke volume values to numerically predict cubic | 
centimeters derived by Fick and thermodilution tech- i 
niques. This numerical equivalent can be explained 
mathematically by assuming that the coefficient of the 3 
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FIGURE 4. Echocardiographic aortic valve stroke volume (AVSV) compared with echocardiographic mitral valve stroke volume (MVSV) in 28 
patients without nonrheumatic mitral regurgitation (left panel) and in 20 patients with nonrheumatic mitral regurgitation (right panel). Stroke volume 
calculated from the mitral valve echogram exceeded that calculated from the aortic valve echogram by more than 20 percent in 19 of 20 patients 
with and in 1 of 28 patients without mitral regurgitation. AV — aortic valve; CAD — coronary artery disease; MV = mitral valve. 
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aortic valve opening measurement has units of ml/cm, 
the coefficient of the ejection time measurement units 
of ml/s and the coefficient of the posterior aortic wall 
amplitude measurements units of ml/mm. 

—. Accuracy of the method: Interobserver variability 
in calculating aortic valve echographic stroke volume 
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- mitral insufficiency associated with acute inferior myocardial infarction. Calculated mitral valve stroke volume 
t and stroke volume measured by thermodilution (TDSV) technique by 61 percent. 


Measurement points for deriving aortic valve stroke volume are marked (right panel). IVS — 





was independently tested among three of the authors. 
Selection of echograms for measurement varied slightly 
among obsetvers and the maximal difference in calcu- 
lated aortic valve stroke volume was 3 cc, which tran- 
scribed into output values varying up to 0.41 liters/min. 
Interobserver variability was also tested for specified 





alve (center panel) and aortic valve (right panel) echograms recorded from a patient with acute 
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FIGURE 6. Echograms recorded from the aortic valve (left panel) and mitral valve (right panel) in a patient with mitral insufficiency associated 
with congestive cardiomyopathy. Mitral valve stroke volume (MVSV) exceeded aortic valve stroke volume (AVSV) by 47 percent and exceeded 
thermodilution stroke volume (TDSV) by 46 percent. Aortic valve measurement points are marked (left panel). 
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. FIGURE 7. Aortic valve echograms recorded from a 
patient with a normal cardiac index (top panel) and from 
. a patient with a low cardiac index (1.5 liters/min per m?) 


secondary to congestive cardiomyopathy and severe left 
ventricular dysfunction (bottom panel). Normally, the 


aortic valve cusps (AV) are separated widely throughout 
ejection and there is good (6 to 11 mm) amplitude of 
posterior aortic root motion (PAO). Low cardiac output 
is reflected in the bottom panel by cusp separation that 
is less than normal initially and decreases gradually during 
ejection. The strikingly low amplitude of posterior aortic 
root motion indicates decreased velocity and volume of 
blood flow. Thermodilution cardiac output was 2.82 li- 
ters/min. Aortic valve stroke volume was calculated as 
27 cc at a heart rate of 100 beats/min. Aortic valve 

D measurement points are marked (bottom panel). AAO 
= anterior aortic root echo; LA = left atrium. 


complexes. For preselected echograms, differences in 
measurements ranged from 0 to 0.01 second for ejection 
time, 0 to 0.1 cm for initial aortic cusp separation, 0 to 
0.2 cm for late aortic cusp separation and 0 to 1 mm for 
amplitude of posterior aortic root motion. In addition, 
differences in derived heart rates were 0 to 2 beats/min. 
When aortic echograms appeared uniform or a specific 
echogram was representative of a minute's recording, 
then one aortic echogram provided a reliable estimate 
of stroke volume. Major errors can be made if improper 
technique is used in either recording the aortic valve 
echogram or in selecting echograms for measurement. 
Figure 8 illustrates such potential error. 

The lower correlation coefficients for cardiac output 
compared with those for stroke volume deserve some 
discussion. Mathematically, three variables (heart rate, 
aortic valve stroke volume and Fick or thermodilution 










valve data were compared with Fick or thermodilution 
data. Comparison of stroke volumes required invasive 
cardiac output data to be divided by heart rate, whereas 





cardiac output) were used for each case in which aortic 
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comparison of cardiac output values required echo- 
cardiographic data to be multiplied by heart rate. Be- 
cause the correlation coefficient is influenced by the 
degree of difference between each variable for each case; 
and, because any time a number is divided, variance 
from a line of identity is reduced, linear correlation was _ 
better for stroke volume than for cardiac output. This " 
mathematical aspect of the concept and calculation of 
correlation accounts for the lower r values for cardia 
output in our study. - x 
Clinical limitations of the method—role in mitral 
insufficiency: Validity of the aortic valve stroke vol- 
ume formula is based on and has only been tested in 
patients with an anatomically normal aortic valve an t 
a stroke volume ranging from 14 to 116 cc. We have not k 
tested the method in any patient with aortic insuffi- 
ciency. Statistical analyses showed that stroke volume 
and cardiac output can be quantitated from the aortic 
valve echogram with an accuracy equivalent to but no 
better than that obtained with Fick or thermodilution 
methods. Therefore, all three techniques may show - 
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- inherent error and reproducibility variance of +10 
-= percent. 

— The validity of these echographic methods for 
- quantitating mitral regurgitant fraction remains to be 


_ proved and will not be known until the aortic valve and 


mitral valve stroke volume formulas are tested by 
f comparing them with biplane angiographic methods in 
d "patients with mitral insufficiency. In our patients mitral 
insufficiency was secondary to coronary artery disease 


PELA. d r 

UCET EM 

- ` " , s 
N 


Te T N 


FIGURE 8. Aortic valve echograms illustrating the po- 
tential error in selecting echograms for measurement. 
Only the middle and posterior cusps are well recorded in 
the third, fifth and seventh echograms, and inclusion of 
measurements from these three echograms would result 
in an erroneous critically low aortic valve cardiac output. 
Cardiac output for this patient with acute myocardial in- 
farction was 2.8 liters/min. Aortic valve measurement 
points are marked. 


and cardiomyopathy and most had poor left ventricular 
function. It is possible that mitral valve stroke volume 
by echocardiography would be less accurate in patients 
with other types of regurgitation, who may have a very 
large total cardiac output. In addition, because validity 
of the mitral valve formula depends on the integrity of 
the valve itself, significant error is theoretically possible 
when valve disruption is present because of endocar- 
ditis, ruptured chordae tendineae or prolapse. 
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action from Catapres 


è Central action... 


e No contraindications**... 


e A side effects profile that favors patient 
compliance... 


e Recommended in isolated systolic hyper- 
tension in the elderly.t 
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“At the Center: The Curious 
Mind—The Healing Hand’, a paint- 
ing by Arthur Lidov, commis- 
sioned by Boehringer Ingelheim, 
Ltd. For many years, Lidov has 
blended the humanistic elements 


of science with the metaphors of 
art. His long, personal preoccupa- 
tion with neurophysiology was 
ideal preparation for interpreting 
The Age of Alpha, the concept of 
central control of hypertension. 








Catapres® 
(clonidine hydrochloride) 


Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an antihyperten- 
sive drug, Catapres (clonidine hydrochloride) is mild to moderate in potency. It may be 
employed in a general treatment program with a diuretic and/or other antihypertensive 
agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevaluation of 
therapy. 

Diago in Pregnancy: In view of embryotoxic findings in animals, and since information 
on possible adverse effects in pregnant women is limited to uncontrolled clinical data, the 
drug is not recommended in women who are or may become pregnant unless the 
potential benefits outweigh the potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres (clonidine 
hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the dose 
gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and associated 
subjective symptoms such as nervousness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting their physician. Rare instances 
of hypertensive gocenhalepauy and death have been recorded after cessation of 
clonidine hydrochloride therapy. À causal relationship has not been established in these 
cases. It has been demonstrated that an excessive rise in blood pressure, should it occur, 
can be reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as operat- 
ing machinery or driving, should be advised of the sedative effect. This drug may 
enhance the CNS-depressive effects of alcohol, barbiturates and other sedatives. Like 
any other agent lowering blood pressure, clonidine hydrochloride should be used with 
caution in patients with severe coronary insfifficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except for 
some dryness of the eyes, no drug-related abnormal ophthalmologic findings have been 
recorded with Catapres (clonidine hydrochloride), in several studies the drug produced a 
dose-dependent increase in the incidence and severity of spontaneously occurring 
retinal degeneration in albino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness and 
sedation. Constipation, dizziness, headache, and fatigue have been reported. Generally 
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these effects tend to diminish with continued therapy. The following reactions have been 
associated with the drug, some of them rarely. (In some instances an exact causal 
relationship has not been established.) These include: Anorexia, malaise, nausea, 
vomiting, parotid pain, mild transient abnormalities in liver function tests; one report of 
possible drug-induced hepatitis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone and papaverine hydrochloride. Weight 
gain, transient elevation of blood glucose, or serum creatine phosphokinase; congestive 
heart failure, Raynaud's phenomenon; vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental depression. Also 
rash, angioneurotic edema, hives, urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased sensitivity to alcohol, dryness, 
itching or burning of the eyes, dryness of the nasal mucosa, pallor, gynecomastia, weakly 
positive Coombs test, asymptomatic electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or absent 
reflexes and vomiting followed the accidental ingestion of Catapres (clonidine hydrochlo- 
ride) by several children from 19 months to 5 years of age. Gastric lavage and administra- 
tion of an analeptic and vasopressor led to complete recovery within 24 hours. Tolazoline 
in intravenous doses of 10 mg at 30-minute intervals usually abolishes all effects of 
Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 mg (tan) 
and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 1000. Also available 
as 0.3 mg (peach) oval, single-scored tablets in bottles of 100. 

For complete details, please see full prescribing information. 

Under license from Boehringer Ingelheim GmbH 
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THE MANUAL MODE, for detailed 
waveform examination or special 
data configurations. A manually 
controlled recording of a standard 
lead group can be made at normal 
or high speed (up to 200mm/sec.). 
Variable trace positions allow a con- 
venient six channel presentation, 
with lead groups placed on upper 
and lower halves of the page. 


THE AUTO MODE, for routine, diag- 
nostic 12 lead electrocardiograms. 
Multiple leads are acquired simulta- 
neously from the patient in stand- 
ard lead groups. Four lead groups 
are smoothly switched, providing 
continuous rhythm across the 10 sec- 
ond record. 


channel recordings or short term 
ECG monitoring. 

Any of the standard or optional 
leads can be individually recorded at 
a wide range of speeds, providing up 
to 30 minutes of information on a 
single page. "SAVE" commands store 
data for later review. 
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administrator that it's the most eco- 
nomical multi-channel cardiograph in 
America—to buy or maintain. 

For complete information— or to 


ink tracing, extra-wide recording 
channel and complete annotation 
make it amazingly easy to read, han- 
dle and interpret. 


These are just three of the hundreds 
of formats you can choose with 
Hewlett-Packard's new PageWriter 
Cardiograph. It actually lets you 


customize the ECG format to your 
patient's condition. 

What's more, each format— even 
one with a rhythm ECG strip—is 


You might also tell your ECG techni- 


cians that the PageWriter is remark- 
ably small and lightweight...makes 
exact ECG copies right at bedside... 


order— call our toll-free number to- 
day. Or write: Terry West, Hewlett- 
Packard Medical Products Group, 
175 Wyman Street, Waltham, 


and requires no special training to MA 02254. 
operate. 


While you're at it, tell your hospital 


printed on the same side of a stand- 
ard 8?" x 11" page just like this one. 
The exceptionally clear, continuous 


For complete information, call 1-500-225-0230. 
In Massachusetts, 1-800-752-0110. 
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It doesn't take a close look to see 
that no ordinary ECG record comes close. 


One ECG record is worth a thousand Now be honest. Have you ever seen 
words. an ECG record that is easier to read, 
Which is why we've included an handle, interpret, or file? 
exact facsimile of a PageWriter car- 
diogram with this announcement. 
Look at it closely. Notice the crisp, 
clean quality of the continuous ink 
tracing fhe extremely wide record- 
| ing channel. The 
§ amazing fidelity of 
= Hewlett-Packard’s 
Em revolutionary new 
— recording system. 
| Note too, how 
| all the traces (in- 
| | cluding the rhythm 
‘ompute or technology strip) are all on the 
reates high quality same side of a 
aces of superb accu- heavyweight stan- 
acy and readability. dard 8⁄2" by 11" 
age. With all lead annotations, lead Exact ECG copies made right at bedside. At the 
Nitching marks, frequency changes touch of a button. 


nd other relevant notations clearl 
y Choose the format you need... at 
y\arked. 
pup 


the touch of a button. 
S B | i | No other cardiograph offers as 
|| 0 1. p wide a selection of formats. 
Cee 1 There are literally hundreds to 
[oc cc co 07 Choose from. Including automatic 
i lead switching multi-channel ECC 
12-lead ECG with rhythm strip. 
Simultaneous lead ECG from 
three points of view. Even 
| | a rhythm ECG for 
jeWriter's yee aaa ee nearly 30 minutes of ! 
n, smooth line maximize fidelity. continuous monitoring. 4 
If you look very closely, you may And since the Page- < 
en notice that the record is num- Writer makes exact 
red for improved filing and can copies of your diag- 
sily be personalized with the hospi- nostic traces right at the 


's or cardiologist's name. patient's bedside, it saves 
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time for everyone. What’s more, it’s 
so foolproof to operate, it signif- 
icantly reduces the need for retakes. 

Consider also that the PageWriter 
is SO easy to use, it requires no special 
training to operate. And so small and 
lightweight, the machine on its cart 
can be rolled anywhere with a gentle 
nudge. 

And because it’s the most eco- 
nomical multi-channel cardiograph 
in America to buy or maintain— it’s 
guaranteed to warm any hospital 
administrator's heart. 


For complete information, call 
1-800-225-0230 
(In Massachusetts, 1-800-752-0110) 

Even though our record speaks for 
itself, it still can’t tell you everything. 
So for more information—or to 
order—call our toll-free number to- 

day. Or write: Terry West, Hewlett- 
Packard Medical Products Group, 175 
Wyman Street, Waltham, MA 02254. 
Better yet, call and reserve your 
PageWriter now to avoid 
any unnecessary 
delay. 





Nitrol (nitroglycerin ointment, 276) 
and sublingual tablets are ideal 
companions for treatment of an- 
gina pectoris. Tablets work 
immediately, but results are 
fleeting. Nitrol acts rapidly 

(15 minutes), and the consis- 

tent, beneficial effects are sus- 


tained for up to four hours. 
Because Nitrol is an ointment, you can titrate F 
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dosage to provide the exact amount of nitroglycerin W | 


needed to bring predictable long-lasting pain relief 


to individual patients. 


The clinical efficacy of Nitrol — the original 
nitroglycerin ointment — has been confirmed in 
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(nitroglycerin ointment, 2%) 


DESCRIPTION: 2% Nitroglycerin (glyceryl trini- 
trate) in a special lanolin-petrolatum base. Each 
inch (approx. 750 mg) of NITROL Ointment con- 
tains 15 mg of nitro Mou 
CLINICAL PHARMACOLOGY: When the ointment 
is spread on the skin, the active ingredient (nitro- 
glycerin) is continuously absorbed through 
the skin into the circulation, exerting prolonged 
vasodilator effect, regardless of the site of 
application 

Nitroglycerin relaxes smooth muscles and 
dilates the arterioles and capillaries, especially 
in the coronary circulation. This allows increased 
blood supply to the myocardium, tending to relieve 
myocardial ischemia. NITROL Ointment produces 
peripheral vasodilation with decreased arteriolar 
resistance and increased volume and favorably 
affects peripheral vascular resistance, venous 
capacitance, preload and afterload which may 
be the basis of its action in angina pectoris 
Nitroglycerin favorably influences myocardial 
oxygen consumption, resulting in increased 
myocardial efficiency and significant improve- 
ment in left ventricular function. NITROL Oint- 


ment also produces sustained, enhanced exer- 
cise capacity; attenuation of ischemic EKG 
changes; concomitant changes in heart rate and 
blood pressure without evidence of tolerance 
or toxicity. Hemodynamic alterations are similar 
to those of sublingual nitroglycerin, but onset 
(15 minutes) is delayed and the effect (up to 4 
hours) is prolonged. Recent clinical studies in 
hospitalized Toles however, suggest the 
duration of NITROL Ointment to be eight hours. 
INDICATIONS: Prevention and treatment of an- 
gina pectoris associated with or resulting from 
coronary insufficiency, coronary artery disease, 
coronary occlusion, or subacute myocardial 
infarction 

CONTRAINDICATIONS: Contraindicated in pa- 
tients with marked anemia, increased intraocular 
pressure or increased intracranial pressure, OF 
in patients with known idiosyncrasies to nitrites. 
WARNING: In terminating treatment, both the 
dosage and frequency of application must be 
gradually reduced over a period of 4 to 6 weeks 
to prevent sudden withdrawal reactions, which 
are characteristic of all vasodilators in the 
nitroglycerin class 

PRECAUTIONS: Hypotensive headache is a sign 
of overdosage, Elderly patients may have no 
untoward symptoms while recumbent but may 
develop postural hypotension with faintness upon 
suddenly arising. The dosage should be reduced 
in these patients. 
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ADVERSE REACTIONS: Transient headaches, skin ar 


age may be reduced in those patients experi- 
encing persistent headache. Tachycardia, dizzi- 
ness, flushing, although uncommon, may occur. 
Contact dermatitis has been reported with 
continuous use of topica! nitroglycerin. 
Such incidences may be reduced by Changi 
the site of application or by using topica 
corticosteroids. , 
DRUG ABUSE AND DEPENDENCE: Experience 
has revealed no evidence of drug abuse and 
dependence associated with use of NITROL 
Ointment. 
MANAGEMENT OF OVERDOSAGE: Should hypo- 
tension resulting from overdosage develop, quickly 
remove the ointment. Severe hypotension usually 
responds to the administration of phenylephrine 
HCI or levarterenol bitartrate 
DOSAGE AND ADMINISTRATION: For angina 
pectoris: Apply every 3 to 4 hours as required 
Usual dose, 1 to 2 inches squeezed from the 
tube, although some patients may require as 
much as 4 or 5 inches. Spread over approxi- 
mately 2“ x 3" area in a thin, uniform layer on 
the skin. Optimum dosage is determined by start- 


which may be treated with mild analgesics 
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ily accomplished with the aid of the specially 
i Ruler™ su with the ointment. 

Squeeze ointment onto the graduated area of the 

Appli-Ruler and spread over the desired skin 

area. Keep the tube tightly closed and store at 

controlled room temperatures 

SUPPLIED: 30 gram tube 


e 60 gram tube 


30 gram 6-Pack Unit 
60 gram 6-Pack Unit 
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Kremers-Urban Company 
Milwaukee, Wiscc nsin 53201 
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Edited by Michael H. Grieco, M.D. 

Prof. Clinical Medicine, Columbia Univ. College Physicians and 
Surgeons, Director R.A. Cooke Institute of Allergy, St. 
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gap in the infectious disease literature. Various sections should be of _ 
interest to a broad range of practitioners. . . should serve as an im- k 
portant starting point and a useful reference source for any physi- — 
cian concerned with the complicated but increasingly important pa- — 
tient, the compromised host.” s 
Philip A. Pizzo, MD, National Cancer Institute, NEW ENGLAND 
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“This work will serve the physician well in caring for patients with 
serious infections. It is well organized and easy to use for quick - 
reference. It also serves as an extensive review of infections in the - 
defective host for specialists in infectious disease, pulmonary 
medicine, and cancer." 
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and wisdom of 47 contributors." ; 
D. Geraint James, FRCP, Dean Royal Northern Hospital, London, — 
MILAN DAILY MEDICAL NEWSPAPER, May 1980 





YORKE MEDICAL BOOKS, 666 Fifth Avenue, New York, N.Y. 10103 
Please send, on approval, copies of INFECTIONS IN THE 
ABNORMAL HOST, edited by Michael H. Grieco. | will be free to read 
and consult the book in any and all relevant situations for 30 days. If 
| am not convinced it is a valuable professional tool, | will return it 
and owe nothing. Otherwise, | will remit $75.00 plus shipping. 





_ Send invoice, plus shipping. 

_ | Payment enclosed, publisher pays shipping. 

_| Charge my credit card: |) MasterCard | `| Visa. 
Card No. Expire Date 








age 2 aes EL CMM Iq. ium 


Agde. UL sg i 


RY SO ua. — Seu rl n4 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 











) mEq wax-matrix KCI table 


(potassium chloride) 
Centrales Release ipei 





JA Compliance easier with b.i.d. potassium dosage 


«25 to comply... T- to deliver therapeutic | 
! fewer tablets per day doses...b.i.d. 
1 
j 















B.I.D. instead of conventional t.i.d. dosage Two tablets b.i.d. supply 40 mEq KCI. Just one 

makes it easier for your patients to follow KAON CL™10 wax-matrix tablet b.i.d. supplies ` 
your instructions...increases likelihood of 20 mEq KCl. Dosage is easily adjusted to 
full compliance. individual needs, based on easy-to-determine - 










no measuring, no spills, no fuss. Can be 
carried anywhere. 


multiples of 10 mEq. 1 
«29 to take, easy to carry | 
NO taste or aftertaste. No mixing, a on the Gil tract 1 


Special wax-matrix delivery system ` 





penis gradual release of KCI over several 

! aud drin e the e of high i 4 

! ocalized concentrations in the Gl tract, thus — ^ 

y on the purse minimizing the chance of Gl irritation. The — — 

AON CL-10 tablets offer greater frequency of small bowel lesions with i 

economy because fewer tablets deliver the wax-matrix tablets is less than one per 100,000 ` 
same amount of potassium at a lower cost. patient-years. | 





(potassium chloride) i 
10 mEq Controlled Release Tablets 


Please turn page for brief summary of prescribing information. 










: Kaon CI"-10 mEq is a sugar coated (not enteric-coated) tablet containing 


750 mg potassium chloride (equivalent to 10 mEq potassium chloride) in a wax matrix. This 


formulation is intended to provide a controlled release of potassium from the matrix to mini- 

mize the likelihood of producing high localized concentrations of potassium within the 

gastrointestinal tract. 

Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCER- 

ATION AND BLEEDING WITH SLOW RELEASE POTASSIUM CHLORIDE PREPA- 

RATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 

CANNOT TOLERATE OR REFUSE TO TAKE LIQUIDS OR EFFERVESCENT 

POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A PROB- 

LEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis, in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites, states of aldosterone excess with normal renal function, 
potassium-losing nephropathy, and with certain diarrheal states. 


1 y- 3. The use of potassium salts in patients receiving diuretics for uncomplicated essential 


hypertension is often un when such patients have a normal dietary pattern. 
Serum potassium should be checked periodically, however, and if hypokalemia occurs, 
dietary supplementation with potassium-containing foods may be adequate to control 
paa cases. In more severe cases supplementation with potassium salts may be indi- 
cated. 

Contraindications: Potassium supplements are contraindicated in patients with hyperka- 


: — Jemia since a further increase in serum potassium concentration in such patients can pro- 


duce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Chronic 
renal failure, systemic acidosis such as diabetic acidosis, acute dehydration, extensive tissue 


- breakdown as in severe burns, adrenal insufficiency, or the administration of a potassium- 
_ sparing diuretic (e.g., spironolactone, triamterene). 


Wax-matrix potassium chloride preparations have produced esophageal ulceration in cer- 
tain cardiac patients with compression due to enlarged left atrium. Potassium 
supplementation, when indicated in such patients, should be with a liquid preparation. 


___ Allsolid dosage forms of potassium chloride supplements are contraindicated in any patient 
r inwhom there is cause for arrest or delay in tablet passage through the gastrointestinal tract. 


Inthese instances, potassium supplementation should be with a liquid preparation. 


.. Warnings: Hyperkalemia- In patients with impaired mechanisms for excreting potassium, 
.. the administration potassium salts can produce hyperkalemia and cardiac arrest. This 


occurs most commonly in patients given potassium by the intravenous route but may also 


= occur in patients given potassium orally. Potentially fatal hyperkalemia can develop rapidly 





-. andbe asymptomatic. The use of potassium salts in patients with chronic renal disease, or 
-. any other condition which impairs potassium excretion, requires particularly careful moni- 
___ toring of the serum potassium concentration and appropriate dosage adjustment. 

— |nteraction wi ri 


iuretics—Hypokalemia should not be treated by the 
administration of potassium salts and a potassium-sparing diuretic (e.g., 

spironolactone or triamterene) since the simultaneous administration of these agents can 

produce severe hyperkalemia. 

Gastrointesti ions—Potassium chloride tablets have produced stenotic and/or 


ulcerative lesions of the small bowel and deaths. These lesions are caused by a high localized 


concentration of potassium ion in the region of a rapidly dissolving tablet, which injures the 
bowel wall and thereby produces obstruction, hemorrhage, or perforation. Kaon CI" -10 
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High blood pressure is no longer only a problem of world- 
wide interest and relevance. It is now one in which the 
knowledge base has exploded to the point where the in- 
formed physician can do more and more about it in his 
daily practice...and can apply, to an ever-increasing 
extent, more sophisticated and individually tailored 
therapies. 


Laragh's TOPICS IN HYPERTENSION places this kind 
of vital knowledge within instant reach of the physician. 
It presents a carefully selected array of discussions. It 
deals in depth with recent breakthroughs in understand- 
ing, diagnosing, and treating this problem. 


This book is conveniently organized for effective consul- 
tation and reading: 


* Section 1 considers recently maturing biochemical and 
pathophysiologic aspects of the problem. 


* Section 2 deals with new physiologic approaches to 
diagnosis. 


è Section 3 discusses new perceptions of the clinical and 
prognostic aspects of hypertension. 


è Section 4 considers in detail the more recently intro- 
duced modes of therapy. These new agents presage the 
beginning of a new era of more selective and specific 
therapy for increasing numbers of patients. 
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The effects of procainamide on strength-interval relations in normal and 
chronically infarcted canine myocardium were determined in nine adult 


mongrel dogs susceptible to sustained ventricular tachyarrhythmias. The - 


dogs were studied at 3 to 30 days after two stage occlusion and reperfu- 
sion of the mid left anterior descending coronary artery. Unipolar cathodal 
stimulation (pulse duration 2 ms, drive cycle length 300 ms) was used 
to evaluate excitability and refractoriness at a total of 19 normal and 22 


infarct sites both before and 15 to 30 minutes after intravenous infusion - 
of procainamide, 20 to 25 mg/kg body weight. The electrophysiologic - 
effects of procainamide were evaluated at the time of the plateau phase - 


of procainamide's antiarrhythmic activity in this model. At normal sites, 


procainamide had only a minimal effect on the mean diastolic excitability — 


threshold (increased from a mean |+ standard deviation] of 0.07 + 0.02 


to 0.08 + 0.02 mA [probability (p) = not significant (NS)], the mean ef- - 
fective refractory period (increased from 137 + 10 to 139 + 11 ms|p = - 


NS|) and the mean ventricular refractory period at twice diastolic threshold 
(increased from 156 + 12 to 163 + 16 ms [p «0.01]). At infarct sites, the 
mean diastolic excitability threshold was similarly unchanged after pro- 
cainamide (from 0.57 + 1.13 to 0.57 + 1.09 mA [p = NS)}), but both the 
mean effective refractory period (from 142 + 17 to 159 + 27 ms [p 
<0.001]) and the mean ventricular refractory period at twice diastolic 
threshold (from 166 + 25 to 187 + 33 ms [p «0.001]) were moderately 
prolonged. In addition, dispersion of refractoriness between normal and 
infarct sites as well as within areas of infarcted myocardium was often 
either unchanged or increased rather than decreased by procain- 
amide. 

Thus, the antiarrhythmic activity of procainamide in this canine model 
of chronic myocardial infarction was not explained by an effect on the 
excitability or refractoriness of normal myocardium, by changes in the 
diastolic excitability of infarcted tissue or by an effect on the dispersion 
of refractoriness. The most prominent effect of procainamide was to de- 
crease the excitability of abnormal myocardium during the relative re- 
fractory period and to prolong the refractoriness of abnormal myocar- 
dium. 


Procainamide has had a recognized role in the management of patients 
with ventricular arrhythmias since the initial clinical reports of its effi- 
cacy 30 years ago.'? Many of these initial as well as subsequent reports 
have emphasized procainamide's efficacy in the treatment of ventricular 
tachycardia.!-*^ More recent evidence, gained in the clinical electro- 
physiology laboratory, has also suggested that procainamide may be 
particularly effective therapy in patients with chronic recurrent sus- 
tained ventricular tachyarrhythmias.»9 However, despite the extensive 
clinical experience with procainamide in treating ventricular arrhyth- 
mias, its precise mechanism of therapeutic action is not completely de- 
fined. Previous investigators have studied procainamide's effects using 
a variety of experimental preparations. Their work has included mi- 
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croelectrode studies of isolated muscle and Purkinje 
| fibers in vitro’-!° and studies of both normal and acutely 
| ischemic canine myocardium in vivo.!-1? 

The effects of procainamide on the basic electro- 
- physiologic properties of excitability and refractoriness 
- have also been evaluated in human beings, using en- 
— docardial catheter techniques and the method of pro- 
- grammed electrical stimulation.!^-!? However, clinical 
- investigations using catheter techniques have been 
- limited, to the extent that the effects of procainamide 
- on normal versus infarcted myocardium have not been 
_ precisely determined. 

-  Inarecently developed canine model of myocardial 
- infarction, animals studied 3 or more days after two 
_ stage occlusion of the left anterior descending coronary 
E p artery, modified by a reperfusion stage, have been 


- of sustained ventricular tachyarrhythmias. Arrhythmias 
. can be initiated using methods of programmed electrical 
- stimulation comparable with those performed routinely 
- in the clinical electrophysiologic laboratory.!’ There is 
— also evidence to suggest that the mechanism for these 
- inducible arrhythmias in both patients and this canine 
- model is “localized protected reentry.” 17-21 In addition, 
- in preliminary studies,?^?? procainamide has demon- 
_ strated antiarrhythmic efficacy in this model compa- 
. rable with its effects in patients with recurrent sustained 
. ventricular tachyarrhythmias.5924 Predictably, pro- 
- cainamide either prevents the reinitiation or markedly 
prolongs the cycle length of inducible ventricular 
- tachyarrhythmias.56.22-24 

= The present study was designed to evaluate the 
— comparative electrophysiologic effects of procainamide 
- on normal and chronically infarcted myocardium in this 
canine model. For this purpose, strength-interval 
- relations were determined from measurements of ex- 
— citability thresholds and refractory periods made at 
. multiple sites within both normal and chronically in- 
. farcted myocardium. 


Methods 


Experimental preparation: Studies were performed in 
nine healthy adult mongrel dogs weighing between 8 and 16 
— kg. The dogs were anesthetized with intravenous sodium 

pentobarbitol (30 mg/kg body weight) and then ventilated 

with room air through a cuffed pharyngotracheal tube using 
. a volume-cycled positive pressure respirator. Body temper- 
ature was maintained with a thermal mattress. With use of 
routine surgical techniques, the heart was exposed through 

a limited (less than 4 cm) left thoracotomy at the fourth left 
. intercostal space, the pericardium opened and a pericardial 
sling created. All dogs underwent two stage occlusion of the 
mid or distal left anterior descending coronary artery followed 
= by reperfusion after 2 hours of complete occlusion. Re- 
. establishment of pulsatile arterial blood flow distal to the site 
: of occlusion was evident in each case. Five minutes before 
release of occlusion the dogs wefe pretreated with lidocaine 
in a bolus injection of 2 mg/kg intravenously and 5 minutes 
after release with a second bolus injection of lidocaine of 1 
mg/kg. No episodes of ventricular fibrillation were associated 
with release of occlusion in dogs pretreated in this manner. 

The chest was closed and routine postoperative care was 
administered including prophylactic antibiotic therapy (either 
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penicillin or cefazolin plus streptomycin, both intramuscu- 
larly). At 3 to 30 days after the initial occlusions, when the dog 
was in otherwise clinically stable condition and the accelerated 
ventricular arrhythmias of the first 24 to 48 hours had sub- 
sided, the animal was anesthetized with sodium pentobarbital, 
30 mg/kg intravenously. Additional 1 to 2 mg/kg intravenous 
aliquots of pentobarbital were given as indicated to maintain 
effective anesthesia. Ventilation and body temperature were 
maintained as before, and the heart was exposed through a 
left lateral thoracotomy. With use of 22 gauge needles, Tef- 
lon®-coated stainless steel, bipolar plunge (hook) wire elec- 
trodes (0.1 mm diameter) were placed in multiple intramyo- 
cardial sites within areas in the distribution of both occluded 
and nonoccluded vessels. The plunge electrodes were insulated 
except at the tip. Rectangular cathodal current pulses, 2 ms 
in duration, were delivered by a constant current source that 
was continuously variable from 0 to 10 milliamperes (mA). A 
stimulus duration of 2 ms was chosen to simulate more closely 
those methods used routinely in the clinical electrophysiology 
laboratory.96.15.19,2024 The indifferent anode was a stainless 
steel rib spreader having a surface of approximately 8 cm? in 
contact with the chest wall. Programmed electrical stimulation 
was performed using a custom-designed digital stimulator 
(Bloom Associates, Ltd., Narberth, PA). 

Arrhythmia initiation: The dogs were evaluated initially 
to confirm their susceptibility to sustained ventricular 
tachyarrhythmias. With use of unipolar cathodal stimulation 
with twice diastolic excitability threshold current, simulta- 
neous ventricular and atrial pacing was performed at a cycle 
length of 300 ms, and ventricular extrastimuli were introduced 
after every eighth drive beat. This cycle length was chosen to 
facilitate consistent capture of the drive pacing. All nine an- 
imals included in this analysis had sustained ventricular 
tachyarrhythmias inducible reproducibly (three or more 
times) with either one (two dogs), two (five dogs) or three (two 
dogs) ventricular extrastimuli using twice threshold cur- 
rent. 

Sustained ventricular tachyarrhythmias were defined as 
nonself-terminating (more than 1 minute) ventricular 
tachycardia (cycle length 120 ms or greater, with an isoelectric 
baseline [two dogs]), ventricular flutter (cycle length 100 to 
120 ms [two dogs]) or ventricular fibrillation (five dogs). 
Procainamide was administered intravenously to each of the 


TABLE | 


Effects of Procainamide on Inducible Ventricular 
Tachyarrhythmias 


Days After Before After 

Dog* Infarction Procainamide Procainamide 

1 14 VF No-VT 

2 7 VF No-VT 

3 17 VF VT, CL 130 

E 30 VF VT, CL 120 

5 3 VF VT, CL 170 

6 4 VFI, CL 110 No-VT 

7 5 VFI, CL 120 NS-VT, CL 150 

8 4 VT, CL 180 No-VT 

9 14 VT, CL 150 VT, CL 250 


. * Dogs are numbered for convenience of analysis rather than 
chronologically. 

CL = cycle length (ms); No-VT = no inducible ventricular tachyar- 
rhythmias; NS-VT = nonsustained ventricular tachycardia (still inducible, 
but not sustained); VF = ventricular fibrillation; VFI = ventricular flutter 
(cycle length 100 to 120 ms, sustained, regular); VT = ventricular 
tachycardia (cycle length 120 ms or greater, sustained, with an iso- 
electric baseline. 
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nine animals and its antiarrhythmic efficacy evaluated as 
described later. Animals were numbered for ease of compar- 
ison (Table I) rather than chronologically. 

Measurements of excitability and refractoriness: 
Thresholds for excitability were determined at each electrode 
site using unipolar cathodal stimuli and current pulses 2 ms 
in duration. All measurements were made at a ventricular 
drive cycle length (S; — S, interval) of 300 ms to facilitate 
consistent ventricular capture. Unipolar cathodal stimulation 
was done to avoid the complex strength-interval relations that 
characterize unipolar anodal and bipolar stimulation, in- 
cluding the consideration of a “supernormal period" of ex- 
citability.?5-?5 Strength-interval curves were constructed by 
methods previously described in detail.!? With use of these 
methods, the effective refractory period was defined as the 
longest S; — Sə coupling interval (that is, time from the last 
drive stimulus to the ventricular extrastimulus) failing to elicit 
a ventricular response (V5) at 10 mA, the maximal output of 
our isolator unit. The relative refractory period was defined 
as the longest coupling interval along the strength-interval 
curve at which the current required to evoke a response (V;) 
increased above the diastolic excitability threshold by greater 
than 0.10 mA for a change of 4 ms or less in coupling interval. 
This criterion was chosen to provide adequate resolution and 
consistency in determining the longest coupling interval which 
showed an increased threshold current requirement for 
` Stimulation. 

For the purpose of this study, the ventricular refractory 
period was defined as the refractory period (longest S, — S; 
interval not eliciting a response) for the ventricular extra- 
stimulus measured at exactly twice the diastolic excitability 
threshold for that site. This was done to facilitate comparison 
of our results with those of clinical electrophysiology studies 
in which refractoriness is usually determined at only one 
stimulus intensity, namely, twice diastolic excitability 
threshold.9.15.19.20 Properties of (1) threshold for excitability 
(that is, minimal current consistently eliciting a ventricular 
response at a long diastolic coupling interval); (2) effective 
refractory period; (3) relative refractory period; and (4) ven- 
tricular refractory period at twice diastolic excitability 
threshold were determined at multiple sites within the dis- 
tribution of both occluded and nonoccluded vessels in each 
dog. The range of values for each of these refractory period 
measurements was also determined in individual dogs. 

The limit of resolution of refractory period measurements 
using the custom-designed digital stimulator was +1 ms. 
Electrophysiologic properties at multiple sites, as well as the 
ability to initiate sustained ventricular tachyarrhythmias, 
were reevaluated throughout the study, both before and after 
all interventions (including countershock) to validate the 
stability of results at different sites over time. Measurements 
of refractory periods remained stable within +2 ms and ex- 
citability thresholds remained stable within 40.02 mA over 
the course of each experiment before administration of pro- 
cainamide and again after the dissipation of procainamide's 
effects. 

After completion of baseline electrophysiologic studies, 
20 to 25 mg/kg of procainamide was administered intrave- 
nously to each dog over a period of 10 to 15 minutes. 7:829 This 
infusion rate predictably decreased mean arterial pressure and 
heart rate by 10 percent or less. The effects of procainamide 
on the ability to induce ventricular tachyarrhythmias were 
evaluated 10 to 15 minutes after the end of the intravenous 
infusion. At this time, heart rate and blood pressure had 
consistently returned to baseline values. Electrophysiologic 
measurements of excitability and refractoriness were made 
during the ensuing period beginning 15 minutes and ending 
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30 minutes after the end of the infusion. In selected dogs, ar- 
rhythmia initiation and electrophysiologic properties were also 
evaluated for the entire 2 to 3 hour period, beginning with th 5. 
end of the infusion until all electrophysiologic variables, in- - 
cluding the ability to reinitiate ventricular tachyarrhythmias, | 
had returned to their baseline level before administration o 3 
procainamide. Plasma procainamide and N-acetyl procain- | 
amide levels were determined from blood samples withdrawn | 
at 15 minutes and 30 minutes after completion of the pro- 
cainamide infusion. This time course for electrophysiologic | 
measurements was chosen to correspond to the time of th D 
plateau phase of procainamide’s peak antiarrhythmic effect 
for this dosage and method of administration.^922.23,29,50 — 

Statistical methods: The effects of procainamide on ex- 
citability thresholds and refractoriness in normal tissue were | 
analyzed using a two-tailed t test for comparison of paired. 
samples; procainamide's effects in infarcted myocardium we o 
similarly analyzed. Probability plots were used to determine 
that the data satisfied normal distribution. A two-tailec E 
Behrens-Fisher test?! was used to compare the effect of pro- 
cainamide on normal versus infarcted myocardium; this 
method of analysis was used to take into account the large 
differences in standard deviations observed between da a 
from normal and infarcted myocardium. All data in the text. 
and tables represent mean values + standard deviations 
(SD). a 
Postmortem examination: After electrophysiologic 
studies were completed, the dogs were killed with plunge 
electrodes left in place, and each plunge electrode position was — 
confirmed at postmortem examination with use of 1 to 2 mm 
thick slices of myocardium. Hearts were then thin-sectioned - 1 
and histopathologic studies were performed using either 
hematoxylin-eosin, trichrome or nitroblue tetrazolium 7 
staining. Histopathologic findings were then correlated with — 
local electrophysiologic properties. Sites were categorized as — 
"normal" or “infarct” on the basis of histopathologic find- — 
ings. È 

All experiments conformed to the “Guiding Principles in — 
the Care and Use of Animals” approved by the Council of the — 
American Physiological Society and with the animal care - 
policies of the University of Pennsylvania and Lankenau 
Hospital. 


4 









eed NET 


Results 


Antiarrhythmic Effects 


The antiarrhythmic efficacy of procainamide was 1 
determined in the nine dogs 15 to 30 minutes after 4 
completion of the procainamide infusion (Table I). In _ 
each case, procainamide either prevented the reinitia- 
tion of sustained ventricular tachyarrhythmias (five of 
nine dogs, 56 percent) or markedly increased the cycle 
length of arrhythmias that were still inducible (four of 
nine dogs, 44 percent). 


Electrophysiologic Effects 


Normal myocardial sites: Excitability thresholds _ 
and refractory periods in these nine dogs were measured — 
at a total of 19 sites confirmed at postmortem exami- - 
nation to be normal and within the distribution of 
nonoccluded vessels. Measurements were made at each - 
site both before and after the administration of intra- 4 
venous procainamide. Figure 1 displays typical 
strength-interval curves constructed from measure- 
ments made at one normal site both before and after 
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FIGURE 1. Strength-interval curves 
Cat 0.08 mad 


constructed from measurements made 
at an intramyocardial site within the 
distribution of a nonoccluded diagonal 
vessel 2 cm from the edge of an area 
of infarction. Measurements were 
made both before (open circles) and 20 
minutes after (asterisks) administration 
of 20 mg/kg of procainamide intrave- 
nously. Coupling intervals in millisec- 
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administration of procainamide in a dog studied 7 days 
after myocardial infarction. As was typical of normal 
sites, the diastolic excitability threshold was low at this 
‘site (0.04 mA) and the strength-interval curve was 
smooth and had a rapid transition from the relative 
- refractory period to the effective refractory period. In 
- addition, the ventricular refractory period at twice di- 
_astolic threshold approximated the relative refractory 
_ period. At this same normal site, there was no change 
| from the baseline value in the effective refractory period 
measured after infusion of 20 mg/kg of procainamide, 
| and there were only minimal increases in the diastolic 
excitability threshold, relative refractory period and 
; ventricular refractory period at twice threshold. 
-The electrophysiologic data measured before and 
after procainamide administration for all 19 normal 
- sites in the nine dogs studied are summarized in Table 
II. As shown, the major effect of procainamide on nor- 
mal ventricular myocardium was to prolong minimally 
the refractoriness of low intensity current. Thus, there 
was mild prolongation (8 ms or less, at a paced cycle 
length of 300 ms) of both the relative refractory period 
) and the ventricular refractory period at twice diastolic 
- threshold, but essentially no change (probability (p) = 
. not significant [NS]) in the effective refractory pe- 
riod. 
|  Infarcted myocardial siteg: Excitability thresholds 
and refractory periods were also measured at a total of 
- 22 infarct sites in these nine dogs, both before and after 
intravenous infusion of procainamide. Figure 2 displays 
strength-interval curves constructed from measure- 
. ments made at one infarct site 7 days after infarction, 
both before and after administration of procainamide 
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onds are plotted versus the maximal 
milliamperage failing to elicit a re- 
sponse at that coupling interval. Ex- 
citability thresholds (ET), effective re- 
fractory periods (ERP), relative refrac- 
tory periods (RRP) and ventricular re- 
fractory periods at twice diastolic 
threshold (VRP |) are shown. See text 
for discussion. CL = cycle length; LV 
= left ventricular. 


258 308 


in the same dog depicted in Figure 1. At this infarct site, 
before administration of procainamide, the diastolic 
excitability threshold was remarkably normal (0.08 mA) 
but all refractory period measurements were abnormally 
prolonged (compare Fig. 1 and 2), and the strength- 
interval curve had abnormal inflections and splaying. 
After procainamide was infused, the diastolic excita- 
bility threshold was unchanged, but there was consid- 
erable prolongation of all refractory period measure- 
ments and splaying of the strength-interval curve be- 
came more pronounced. This was reflected in the 
marked increase in the relative refractory period from 
174 to 215 ms (difference 41 ms) and in the refractory 
period at twice diastolic threshold from 185 to 246 ms 
(difference 61 ms), in comparison with the more modest 
increase in the effective refractory period from 136 to 
160 ms (difference 24 ms). 

Figure 3 illustrates the effects of procainamide ad- 
ministration on the strength-interval relation at an 
intramyocardial infarct site in another animal (Dog 
9. Table I) studied 14 days after infarction. However, 
at this site both the excitability threshold and the re- 
fractory period measurements were abnormal before 
administration of procainamide. Again, after the infu- 
sion of procainamide, the diastolic excitability threshold 
was increased only minimally (from 2.45 to 2.52 mA). 
Also, typical of abnormal sites, all refractory period 
measurements became prolonged, and the entire 
strength-interval curve was shifted to the right, with 
increased splaying evident. 

Electrophysiologic data for all 22 infarct sites mea- 
sured both before and after procainamide in the nine 
dogs are summarized in Table II. At infarct sites, the 
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mean diastolic excitability threshold was also un- There were marked disparities in the effect of pro- 
changed after procainamide, but mean refractory period cainamide on prolonging refractoriness at individua F 
measurements were all prolonged (17 ms or greater), sites within areas of infarction. At various infarct sites. 
especially the mean relative refractory period and the changes in effective refractory periods ranged from 0 to À 

| mean ventricular refractory period measured at twice +59 ms, in relative refractory periods from 0 to +60 ms - 
diastolic threshold (by 23 and 21 ms, respectively). and in refractory periods at twice threshold from —2 to 
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FIGURE 2. Strength-interval curves con- 5 \ ae = ar 2 B 
structed from measurements made at an in- 2 4.8 \ RRP = 215 eas) 
tramyocardial site within the area of a 7 day old = i: 
infarction both before (open circles) and 22 Æ 4g VRP = 246 meec 
minutes after (asterisks) administration of 20 | ] (at. 0. 16 mo) 
mg/kg of procainamide intravenously. Cou- = 
pling intervals in milliseconds are plotted 28 S 
versus the maximal milliamperage failing to £ 
elicit a response at that coupling interval. Ex- © | g , VRP VRP 
citability thresholds (ET), effective refractory = 
periods (ERP), relative refractory periods (RRP) kw i 
and ventricular refractory periods at twice di- B. 8 *— 9— ——86 — MN I 4 
astolic threshold (VRP |) are shown. See text 188 158 288 258 308 — 
for discussion. Unidentified abbreviations as | 
before. COUPLING INTERVAL (msec) 
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FIGURE 3. Strength-interval curve 6.8 | | ERP = 211 meec 
constructed from measurements made VRP VRP RRP = 230 meec 
at an intramyocardial site within the 5. | i VRP = 216 meec E 
area of a 14 day old infarction in Dog 9 (at 5.04 mad 


(Table |), both before (open circles) and 
20 minutes after (asterisks) adminis- 
tration of 20 mg/kg of procainamide 
intravenously. Coupling intervals in 
milliseconds are plotted versus the 
maximal milliamperage failing to elicit 
a response at that coupling interval. 
Excitability thresholds (ET), effective 
refractory periods (ERP), relative re- 
fractory periods (RRP) and ventricular 
refractory periods at twice diastolic 


LURRENT (milliamps) 





threshold (VRP, |) are shown. See text 18g 15g 288 25g 300 
for discussion. Unidentified abbrevia- 
tions as before. COUPLING INTERVAL (nsec) 
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f TABLE Il greater effect (p <0.01) on abnormal than on normal 
— Effects of Procainamide on Excitability Thresholds and myocardial sites in prolonging all measurements of re- 











Refractory Period Measurements of Normal and Chronically fractoriness (Table II). These findings were comparable 
| Infarcted Myocardial Sites (nine dogs; cycle length of drive in dogs studied at any time during the 3 to 30 day 
| pacing — 300 ms) postinfarction period. 

ET ERP RRP VRP I n four dogs, excitability thresholds and refractory 

(mA) (ms) (ms) (ms) periods were measured at both normal and infarcted 

sites every 15 minutes after infusion of procainamide 

E vus due until all measurements returned to preinfusion values. 
1. Before 0.07 137 155 156 'This was done to confirm that the observed changes in 
procainamide +0.02 +10 £11 +12 refractoriness were due to procainamide and not to al- 
pmen =) 0.08 139 163 163 terations in the animal preparation. In each case, mea- 
procainamide +0.02 +11 +14 +16 surements had begun to return to baseline levels within 
kinye + SD) us i Shao «001 1 hour of the end of the infusion, at which time mean 
before vs. after) ] plasma procainamide levels were 6.6 ug/ml + 1.5 (SD); 
Infarct sites (n = 22) in no case was N-acetyl procainamide detected in 
tcc ande eater us "bu A ks plasma samples. Sustained ventricular tachyarrhyth- 
(mean + SD) ia be mias were again inducible in all dogs qucd 1 or more 

p Me. 0.57 199 hours after the completion of infusions. In association 
3 ird in ELEM NER Bhd x with declining plasma levels of procainamide both the 
|. p value NS «0.001 «0.001 . «0.001 cycle length of inducible tachyarrhythmias and the re- 

pore vs. after) di Es popu zur fractory periods measured at infarct sites decreased 
procainamide progressively until these values returned to the baseline 
on infarct vs. level before procainamide. Ventricular tachyarrhyth- 
normal (p value) mias initiated after dissipation of the effect of pro- 
ERP — effective refractory period; ET — excitability threshold; n — cainamide were similar in both rate and configuration 


E es eee eet doac VER = voriricula exer dt to those initiated before procainamide in all nine 


. period at twice diastolic threshold. dogs. 
Effect of procainamide on range of refractory 
periods: The effect of procainamide on the range of 





— +58 ms. This variability in procainamide's effect on refractory period measurements was also determined 
individual infarct sites was further reflected in the in- in each of the nine dogs. The difference between the 
creased standard deviations relative to the means for longest and the shortest refractory period was calculated 
refractory period measurements observed after com- in each case. Previous investigators!??25? have termed 

. pared with those before adminstration of procainamide this difference the “temporal dispersion of refractori- 

- (Table II). In addition, within areas of infarction, no ness." Values for dispersion of refractoriness were de- 
consistent relation was discernible between the degree termined separately for effective and relative refractory 
of prolongation of refractory period measurements after periods and for refractory periods measured at twice 

— procainamide and measurements made before pro- diastolic excitability threshold. Table III shows in detail 

= cainamide. Overall, procainamide had a significantly the net change in the range of these three refractory 
TABLE Ill 





Effect of Procainamide on Dispersion of Refractoriness (CL — 300 ms) 





Changes in Dispersion of 
Refractoriness (after procainamide minus 





Number of Sites before procainamide [ms]) 
| Dog Normal Infarct Total ERP RRP VRP 
: 1 3 3 6 0 12 5 
E. 2 2 4 6 4 -4 12 
| 3 1 2 3 mG 29 26 
4 2 2 4 0 —8 —2 
5 5 1 6 6 3 -—1 
6 1 3 4 —6 —40 —33 
7 S. aur 2 4 3 —3 13 
8 2 2 4 =20 mil 7 -— 
9 1 3 4 25 34 35 
Mean change 1 1 5 
+SD +12 +23 +20 
p value NS NS NS 


CL = cycle length of drive pacing; ERP = effective refractory period; NS = not significant (p >0.05); p = probability; RRP = relative refractory 
period; SD = standard deviation; VRP = ventricular refractory period at twice diastolic excitability threshold. 
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period measurements that resulted from procainamide 
administration in each of the nine dogs. As shown, the 
effects of procainamide on dispersion of refractoriness 
were quite variable. Even within individual dogs, the 
drug's effects on the dispersion of the three types of 
refractory period were often inconsistent. These effects 
were also variable when dispersion of refractoriness was 
evaluated just within areas of infarction, and no con- 
sistent pattern was evident (p = NS for each measure 
of refractoriness). Overall, in the nine animals, admin- 
istration of procainamide resulted in no significant 
changes in the mean dispersion of any of these mea- 
surements of refractoriness. This was true whether in- 
farcted, normal or all sites were considered. It is also 
apparent from Tables I and III that the ability of pro- 
cainamide to prevent the reinitiation of a tachyar- 
rhythmia versus its effect to slow the cycle length of an 


NORMAL 





LURRENT (milli amps) 


FIGURE 4. Strength-interval curves constructed 
from measurements made at one normal and 
three infarct sites in close proximity, before 
(CONTROL, top panel) and after (bottom panel) 
administration of procainamide in the same dog 
depicted in Figure 3, studied 14 days after coro- 


nary occlusion and reperfusion. Dotted vertical  % 4% 
lines are for visual reference in comparing panels. d 
Coupling intervals in milliseconds are plotted — E" 5-4 
versus the maximal milliamperage failing to elicit Rit 

a response at that coupling interval. After pro- x wv) 
cainamide, refractoriness increased mildly at the — ,& 
normal site (rightward shift of the strength-interval n 28 
relation) and mildly to moderately at the various = 
infarct sites. Dispersion of refractoriness was SS 2.8 
minimally affected within the area of infarction but S 


moderately increased between the normal and 
infarct sites after procainamide. In addition, dia- 
stolic excitability thresholds were also mildly af- 
fected by procainamide at some sites in this dog, 
although this response was not typical of the nine 
dogs studied. See text for discussion. 
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arrhythmia that was still inducible could not be pre- 
dicted from procainamide's effect on the range of any 
of these refractory period measurements. Nor could the 
response to procainamide be predicted from either the - 
number of days after infarction that a dog was studied. 
or the plasma levels of procainamide measured in an. 
individual dog. 

An example of the effect of procainamide on the 
range of refractory period measurements is illustrated 
in Figure 4, which displays strength-interval curves 
constructed from electrophysiologic measurements 
made at one normal and three infarct sites in one dog 
(Dog 9, Fig. 3, Tables I and III). The infarct sites were © 
all within 3 to 5 mm of each other and within 2 cm of the 
normal left ventricular site in this dog; studies were 
performed 14 days after coronary occlusion and reper- - 
fusion in this animal. Before procainamide, there was 
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_ fractory periods (53 ms), relative refractory periods (57 
| ms) and refractoriness at twice diastolic threshold (50 
. ms) (Fig. 4, top panel). After procainamide, all refrac- 
_ tory period measurements were mildly increased at the 
. normal site (shift of the strength-interval relation to the 
- right) and at least moderately increased at each of the 
| infarct sites (Fig. 4, bottom panel). Overall, after pro- 
- cainamide the dispersion of effective refractory periods 
| was increased to 78 ms, that of relative refractory peri- 
- ods to 91 ms and that of refractory periods at twice 
- threshold to 85 ms. Notably, despite an increase in the 
- dispersion, or range of values, of each of these refractory 
- period measurements, procainamide was effective in 
- this dog in slowing the cycle length of the inducible 
- sustained ventricular tachycardia from 150 to 250 ms. 


. Histopathologic Findings 


_ Postmortem examination of the heart in these nine 
dogs revealed small mottled infarctions dispersed over 
an area 2 cm (or less) by 3 cm, with close interspersing 
of normal and abnormal myocardium as previously 
described in this model of chronic myocardial infarc- 
"tion. Within areas of infarction, there were always 
- patches of surviving tissue confirmed histopathologi- 
- cally to be normal. All sites with normal excitability and 
refractoriness from within the distribution of nonoc- 
- cluded vessels were also confirmed to be normal in each 
case. 


- Procainamide Levels 


Plasma procainamide and N-acetyl procainamide 
levels were measured using a standard high pressure 
- liquid chromatography method.?? Mean procainamide 
. levels measured 10 to 15 minutes after the completion 
- of the intravenous infusion, and at the time of onset of 
- electrophysiologic measurements ranged from 12.1 to 
-. 19.5 ug/ml (mean 15.0 + 3.1). By 30 minutes after the 
. end of the infusion and immediately after completion 
— of electrophysiologic measurements, plasma procain- 
. amide levels ranged from 8.2 to 13.8 ug/ml (mean 10.0 
+ 2.6). There was no measureable N-acetyl procain- 
amide in any sample. ; 





Discussion 


Procainamide has been used effectively to treat 
_ ventricular tachyarrhythmias for more than 30 years.!-? 
_ Although much has been learned about its electro- 
— physiologic effects on normal myocardium from a va- 
riety of experiments done in vitro,‘~!° its mechanisms 
. of antiarrhythmic action have not been well defined. On 
. the basis of microelectrode studies, it has been suggested 

that procainamide's antiarrhythmic efficacy in the 
. treatment of ventricular tachyarrhythmias in patients 
. may result from its ability to depress automaticity or 
prolong conduction or refractoriness, or to produce a 
combination of these properties depending on the 
clinical setting.9-10.1? Of particular interest have been 
the possible mechanisms of procainamide's salutary 
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effects on the sustained ventricular tachyarrhythmias 
that are inducible in patients using programmed pacing 
techniques.?9.24 Tt has been suggested that these ar- 
rhythmias have a “protected micro-reentrant mecha- 
nism.” 18-21 (ther mechanisms including “triggered 
automaticity" have also been considered,?? and pro- 
cainamide has also been reported to have some antiar- 
rhythmic activity in this regard.?^ However, the failure 
of verapamil to suppress these arrhythmias both in 
human beings? and in dogs?? makes the mechanism of 
"triggered automaticity" a much less likely possibility. 
Nevertheless, whether procainamide's mechanisms of 
antiarrhythmic action in patients are mediated through 
effects on normal or abnormal myocardium, or both, is 
unknown. 

Comparative effects of procainamide on normal 
versus ischemic myocardium: Only limited experi- 
mental data exist comparing procainamide's electro- 
physiologic effects on normal versus abnormal ven- 
tricular myocardium.!!-1? Levites and co-workers!’ 
studied procainamide's effects on refractoriness mea- 
sured at twice diastolic threshold and found that 10 
mg/kg of procainamide increased refractoriness only 
minimally at normal sites during the period of acute 
ischemia in a canine model of coronary occlusion. 
However, at sites in the distribution of an occluded 
coronary artery, where refractoriness had decreased 
during the period of acute ischemia, procainamide 
produced a much greater increase in refractoriness. This 
resulted in a decrease in the dispersion of refractoriness 
between normal and ischemic areas. These investigators 
suggested that this effect on dispersion of refractoriness 
might explain procainamide's antiarrhythmic mecha- 
nism of action. 

Effects on normal versus chronically infarcted 
myocardium: There are no previously published data 
comparing the electrophysiologic effects of procain- 
amide on normal and chronically infarcted myocardium 
and only limited data directly correlating procain- 
amide's electrophysiologic effects with its antiar- 
rhythmic efficacy.?.11.1236 In the present model, in which 
both the electrophysiologic and antiarrhythmic effects 
of procainamide were evaluated, there was no evidence 
to support the concept that procainamide's antiar- 
rhythmic activity was dependent on a critical reduction 
in the dispersion of refractoriness. However, differences 
in arrhythmia mechanisms, in the mode of procain- 
amide administration and in the mechanisms of its 
antiarrhythmic action in our chronic model as compared 
with previously studied acute ligation models may ex- 
plain the discrepancies in findings on the importance 
of dispersion of refractoriness. In addition, it may not 
have been valid in either the previously reported!? or 
the present studies to attempt to relate more global 
changes in refractoriness to an arrhythmogenic process 
that may be quite localized in its “site of origin.” 2°?! 

Unfortunately, currently available methods do not 
allow for precision, thus making speculation about ar- 
rhythmia mechanisms from these data hazardous. 
Moreover, the geographic spread of dispersion may be 


1230 June 1981 The American Journal of CARDIOLOGY Volume 47 






at least as important as the absolute degree of dispersion 
of refractoriness within a given area. In addition, as 
shown in Table III, results may also vary considerably 
depending on which measurement of refractoriness one 
is evaluating; for example, the effective or the relative 
refractory period or the refractory period at twice 
threshold. 

Role of strength-interval curves: Strength-interval 
curves have also been constructed by other investiga- 
tors? for the purpose of describing procainamide's ef- 
fects on the electrophysiologic properties of excitability 
and refractoriness. Woske et al.” infused 40 mg/kg of 
procainamide intravenously over 10 minutes with 
plasma levels of 20 ug/ml or greater, and reported re- 
sults for normal in vivo canine myocardium similar to 
those of the present study; but they did not evaluate 
abnormal myocardium. Recently, Camardo et al.16 ex- 
tended this work to human subjects. Using endocardial 
catheter techniques, they also found that procainamide 
had minimal effect on the diastolic excitability of 
human ventricular myocardium. However, in their 
study both effective and relative refractory periods were 
prolonged by procainamide, whereas previous canine 
studies, as well as the present work, demonstrated only 
negligible changes in the effective refractory period of 
normal myocardium. Unfortunately, in the catheter- 
ization laboratory, it is not possible to correlate endo- 
cardial catheter positions with specific anatomic find- 
ings. Therefore, it has not been possible to determine 
with certainty in human beings whether changes in the 
strength-interval relation are related to procainamide's 
effects on normal myocardium, abnormal myocardium 
or both. In addition, the use of bipolar stimulation, as 
routinely performed in catheterization studies, may 
introduce further complexities into the strength-in- 
terval relation including a period of *supernormal ex- 
citability".725-25 This was purposely avoided in the 
present study. 

Electrophysiologic effects of procainamide: In 
our chronic canine myocardial infarction model, pro- 
cainamide either prevented the reinitiation of sustained 
ventricular tachyarrhythmias or slowed the cycle length 
of those ventricular tachyarrhythmias that could still 
be initiated (Table I). We have demonstrated that 
procainamide, in therapeutic concentrations and at 
plasma levels comparable with those that prevent the 
reinitiation of sustained ventricular tachyarrhythmias 
in human beings,9?^ had no significant effects on either 
the diastolic excitability threshold or the effective re- 
fractory period of normal myocardium and only mini- 
mally prolonged the relative refractory period and re- 
fractoriness measured at twice diastolic excitability 
threshold at normal sites (Table II). Similarly, at in- 
tramyocardial sites within areas of chronic myocardial 
infarction, the mean diastolic excitability threshold was 
also unchanged after procainamide administration. 
However, at these abnormal sites, all refractory period 
measurements were moderately prolonged after pro- 
cainamide administration (Table II). At lower current 
intensities, for example at twice diastolic threshold or 
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less, these prolongations were further exaggerated (Fig ; 
2 and 3). Even at the relatively short paced cycle length - 
of 300 ms used in the present study, procainamide 
prolonged refractory periods by as much as 60 ms at 
some individual infarct sites. However, procainamide's 
effects on abnormal myocardium were markedly het- 
erogeneous and could not be predicted from the degree 
of abnormality present before the drug was adminis- 
tered. Of further note, there was no apparent qualitative 
or quantitative difference between the electrophysio- 
logic findings in dogs in which ventricular tachyar- 
rhythmias could not be induced after procainamide 
compared with dogs in which arrhythmias could still De 
induced, although at a slower rate. dg 
Thus, the most notable effects of procainamide o 1 
excitability and refractoriness in this chronic canine 
model of myocardial infarction were to decrease the 
excitability of abnormal myocardium during the period — 
of relative refractoriness, and to increase refractorin oss 
at abnormal myocardial sites. These electrophysiologic | 
alterations may help to explain procainamide's effec i 
on inducible sustained ventricular tachyarrhythmias 
in this model. After the administration of procainamide, 
premature stimuli would encounter ventricular re- 
fractoriness at longer coupling intervals. Prolongation 
of refractoriness at individual sites by even 20 to 60 ms, 
comparable with the magnitude of changes observed i n 
the present study, are apparently sufficient to prevent | 
either spontaneous or pacing-induced premature | 
stimuli from attaining those critically short coupling - 
intervals necessary to initiate a reentrant arrhyth- - 
mias.°:18-20 Tn addition, it would be expected that even. 1 
more moderate prolongations of refractoriness might — 
be sufficient to alter the critical relations between re- - 
fractoriness and conduction required to maintain a - 
microreentrant circuit.»292! However, our studies did - 
not specifically evaluate and do not preclude an addi- 
tional important role for procainamide in slowing con- - 
duction.*® 7 Moreover, our study provides only correl- - 
ative data with respect to the effects of procainamide - 
on sustained ventricular tachyarrhythmias initiated by — 
programmed pacing. The dogs studied do not have more — 


than rare spontaneous ventricular extrasystoles and are — 
not routinely subject to the spontaneous occurrence of — 
sustained ventricular tachyarrhythmias. Therefore, — 
caution must be exercised in extrapolating from these | 


experimental results to the situation in patients. 
Relation to plasma procainamide levels: Previous - 

pharmacokinetic studies^9?9? have determined that 

procainamide has a two compartment, bimodal distri- | 


LE z 


bution curve with an immediate peak in plasma con- _ 
centration (within 5 minutes after intravenous admin- . 
istration) and a delayed (5 to 30 minutes) phase of up- . 
take by various tissues, including ventricular myocar- _ 


dium. These studies have shown that procainamide's A 
electrophysiologic effects on both normal canine and — 


human myocardium correlate better with the more 1 
sustained tissue concentrations than with the higher but - 


more transient plasma levels. In this study we chose to 
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| effects of procainamide during the more prolonged 
plateau phase. Conceivably, procainamide may have 
| additional effects attributable to high plasma levels, 
| rather than merely to increased tissue concentrations, 
| but we did not evaluate this. 

1 p linical implications: Our findings correlate well 


intervals of the earliest beats initiating the tachycardia 
or prevents reinitiation of the arrhythmias, or 
both.9624,36,38 The present study provides evidence that 
these alterations may be mediated in large part by 
procainamide's effects on abnormal myocardium. 
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A new nonrotating multiple biopsy device has been developed to allow 
the rapid, simultaneous and contiguous sampling of cardiac muscle in the | 
large mammalian heart. Each cutter obtains 40 adjacent transmural left — 
ventricular biopsy samples, each of 4 mm section. The epicardial 1.8 mm : 
of each biopsy section was analyzed for flow, adenosine triphosphate, — 
adenosine diphosphate, adenosine monophosphate, creatine phosphate - 
and lactate. Use of this procedure in the dog heart 30 minutes after cor- 
onary arterial ligation permitted characterization of the nature of flow and 
metabolic gradients as the sampling site moved from the core of an area 
of regional ischemia to the surrounding normal tissue. These studies of — 
metabolic and flow geometry in the lateral plane indicate the existence _ 
of a sharp interface of flow and metabolism between normal and ischemic 
tissue. The absence of intermediate levels of flow and metabolism indicate - 
that, in the lateral plane at least, a quantitatively significant and spatially | 
identifiable “border zone" region does not exist. However, these findings, — 
do not preclude the existence of such a zone of jeopardized tissue in the 4 
transmural plane or the occurrence of a temporal border zone to which } 
interfaces of flow and metabolism may migrate with time. 4 










The term “border zone” has been used to describe the mass of tissue 1 
thought to lie between the core of an area of severe ischemia and the L 
surrounding normal myocardium. The controversy! over the existence - 
of such a zone of intermediate injury arises from two distinct types of 
research. Thus, certain metabolic,?? histochemical and electrophysio- E 
logic studies,*~’ mechanical observations,9? microscopic investigations - 
of flow distribution!9-1? and a variety of biopsy studies!?-4 have been 
taken as suggestive that a region of intermediate injury containing © 
jeopardized potentially salvageable cells may exist. Alternatively, studies 
of nicotine adenine dinucleotide surface fluorescence, !5—!7 patterns of 
tissue necrosis!*.? and some investigations of flow distribution2° indicate 

a sharp interface between normal and ischemic tissue with no zone of 
intermediate injury. Because current concepts of metabolic protection, . 
tissue salvage and reduction in infarct size depend on the existence of 

a border zone of intermediate injury it is important to resolve this con- | 
troversy and to ascertain whether such a zone exists and, if so, its | 
size. 

Some biopsy studies that have been taken as supportive of the border | 
zone concept may have certain methodologic limitations in which sam- _ 
pling artifacts!-?? may lead to the misinterpretation of results. In an | 
attempt to overcome these problems and clarify the border zone con- 
troversy, we have developed a new device for the retrieval of multiple : 
contiguous biopsy specimens.?!22 This device, through its flexibility of — 
design and ability to retrieve contiguous biopsy samples, allows a much 1 
greater degree of resolution than previously possible. It has now been 
used in conjunction with microanalytical procedures to investigate the 
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nature of the interface between normal and ischemic 
tissue during experimental myocardial infarction in the 
dog heart. 


Methods 


Surgical procedure: Studies were performed in six grey- 
hound dogs weighing 20 to 30 kg. The animals were anaesth- 
etized with thiopentone sodium (20 mg/kg body weight in- 
travenously), and respiration with a mixture of nitrous oxide 
and air was controlled using a standard ventilator. The dogs 
were maintained under anesthesia with halothane (0.5 to 1 
percent as required). Systolic blood pressure, measured with 
use of a femoral arterial cannula, heart rate and electrocar- 
diographic activity were monitored throughout the experi- 
ment. The heart was exposed through a left thoracotomy and 
was retained securely in a pericardial cradle. 

— Induction of regional ischemia: To create a well defined 
area of ischemia two to four branches of the left anterior de- 
scending coronary artery were exposed and ligated. The 
ischemic period that followed lasted for 30 minutes in all ex- 
periments. After ligation and before biopsy, the chest was 
‘temporarily closed in order to avoid superficial myocardial 
cooling. 
F Microsphere studies of myocardial flow: Measurements 
- of the mean myocardial blood flow in each biopsy specimen 
were assessed using tin-113-labeled microspheres (10 + 1 4). 
"These (4 X 10°) were administered through the left atrium 2 
minutes before biopsy. The microspheres were prepared and 
administered according to the details and precautions de- 
scribed by Lubbe et al.2* During and immediately after ad- 
‘ministration of the microspheres a blood sample was collected 
from the femoral artery for a 1 minute period. The radioac- 
 tivity of the tin-113-labeled microspheres in this sample and 
in the biopsy samples was determined using a standard lab- 
oratory gamma counter. Because the femoral arterial flow was 
accurately determined and the radioactivity contained in this 
reference flow sample was known, the blood flow per gram of 
myocardium could be calculated from the formula: MBF = 
| (RBF X Cm) + Cr, where MBF = mean blood flow in the 
sample of myocardium in ml/g per min, Cm - radioactivity 
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in the samples of myocardium and Cr = radioactivity in the 
reference blood sample. 

Simultaneous multiple biopsy sampling: To obtain 
multiple and contiguous biopsy samples, a nonrotating high 
velocity projectile??? was developed. This consists of a matrix 
cutter (Fig. 1, left) that is designed to obtain 40 biopsy samples 
over an area of 32 by 20 mm and is fired at the myocardium 
from a propulsion unit (Fig. 1, right). The principle on which 
the device is based is that a cutter of sufficient mass traveling 
at high velocity will develop sufficient momentum to facilitate 
performance of multiple biopsies on impact with the surface 
of the heart, the inertia of the heart being great enough to 
resist deformation and thus force the individual biopsy sam- 
ples into their respective chambers. 

The projectile unit is positioned above the myocardium so 
that both normal and ischemic tissues can be obtained. Im- 
mediately after firing, the cutter is removed from the heart 
and immersed in a freezing mixture consisting of a slurry of 
thawing (—135° C) Arcton-21 (dichlorofluoromethane). The 
whole procedure, from the time of firing to that of freezing, 
takes less than 3 seconds. 

The frozen biopsy samples in the cutting matrix are ly- 
ophilized for 36 to 48 hours; they are then expelled from their 
respective chambers with the position and polarity of each 
sample being noted. The outer 3 mm of each sample (which 
after compression is equivalent to 1.8 mm of epicardial tissue) 
is then removed for immediate assay. 

Biochemical and flow analysis: For metabolic extraction, 
each biopsy subfragment is weighed (lyophilized dry weight) 
and placed in a plastic microcentrifuge tube (Eppendorf 3810 
micro test tube); to this is added 200 liters of cold (4? C) 6 
percent perchloric acid. The mixture is homogenized in the 
tube using a rotating pestle specially molded (Biomedix MC-1 
micro homogenizer system) to match the profile of the lower 
third of the centrifuge tube. The homogenate is then main- 
tained at 4? C for 10 minutes. With the use of a special clip the 
pestle is then suspended from the top of the plastic tube and 
the entire unit is centrifuged at 15,000 g for 30 seconds in a 
microcentrifuge (Eppendorf 5412 microfuge). This procedure 
quantitatively retrieves all homogenate from the walls of the 
tube and the pestle, and also sediments all the precipitated 





FIGURE 1. Instrument for high velocity impact biopsy. Left, brass biopsy cutter, constructed from a series of intersecting metal blades, capable 
of sampling 40 adjacent biopsies, each 4 mm by 4 mm in section. Right, propulsion unit for high velocity impact biopsy. The unit uses explosive 
cartridges to propel a drive shaft carrying the biopsy cutter over a restricted distance (50 mm) at high velocity (10° mm/s). 
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FIGURE 2. Coronary arterial ligation and sites of multiple biopsy. Two 
branches of the left anterior descending coronary artery were ligated 
(crosses) to generate a defined area of ischemia (cross-hatched). The 
position of impact of the biopsy cutting matrix is indicated by the coded 
grid. 


material. With a micropipet 150 liters of the supernatant is 
then transferred to a second plastic tube for neutralization 
(100 liters of neutralizing solution: 2.0 M potassium bicar- 
bonate 0.1M potassium hydroxide in Tris, together with 5 
uliter of Universal indicator) and centrifugation. This yields 
255 liters of metabolite extract which is sufficient for du- 
plicate analysis, using conventional enzyme-linked nicotin- 
‘amide adenine nucleotide oxidation-reduction reactions 
measured by ultraviolet spectroscopy, of adenosine triphos- 
phate (ATP), creatine phosphate (CP), adenosine diphos- 
phate (ADP), adenosine monophosphate (AMP) and lactate.!? 
Furthermore, the pellet from the initial perchloric acid pre- 
cipitation contains all the microspheres in that sample and 
is thus taken for radioactivity counting and flow determina- 
tion as described previously.?? 

Biopsy location and interpretation of data: Figure 2 is 
a diagrammatic representation of an ischemic area with a grid 
map showing retrieval positions of biopsy specimens in rela- 
tion to a zone of regional ischemia. After identification and 
analysis of each biopsy sample, data grids?? are prepared in 
which biochemical and blood flow measurements for each 
sample are grouped and related to the sampling site. These 
data are then processed in two ways. First, three dimensional 
histograms are prepared for each variable and for each heart 
(see example for creatine phosphate in Fig. 3). This allows a 
rapid and simple visual assessment of tissue gradients within 
a single dog. Second, to allow the combination of results from 
different dogs, the data grids are subjected to a scanning and 
consolidation procedure. Here, the value for every variable 
is assessed individually for each biopsy sample and compared 
with all adjacent samples as the sampling site moves in any 
direction across the tissue. This scanning procedure permits 
the identification of interfaces of maximal change for each 
variable. In this way a contour line (line of maximal change) 
can be superimposed on individual data grids, thus locating 
to the nearest biopsy sample the position of the interface 
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FIGURE 3. Three dimensional representation of the variation in myo- N 
cardial creatine phosphate content in an area of regional ischemia. The — 
creatine phosphate content of 40 adjacent biopsy specimens (4 by 4 s 


1.8 mm of the epicardial tissue was taken for analysis. Samples in rows 3 
D and E were obtained from the center of the ischemic area. x3 


separating severely ischemic from normal tissue. Because the 
dimensions of each biopsy sample are known—that is, the 
distance between biopsy centers is 4 mm and the distance 
between the line of maximal change and the center of an ad- — 
jacent biopsy sample is 2 mm—it is therefore possible to cal- - 
culate the distance of each biopsy sample from the line of . 
maximal change as the sampling site moves in any direction ; 
from that line (that is, 2, 6, 10, 14 mm, and so forth). In this — 
way the two dimensional data grid can be consolidated into © 
a linear array. Furthermore, results from different dogs can © 
be combined and histograms prepared that allow the maximal — 
width of any zone of change occurring between normal and - 
ischemic tissue to be determined and the results to be statis- . 
tically analyzed. 

All results are expressed as mean values + standard error l 
of the mean. Coronary flow values were measured and ex- - 
pressed as ml/g wet weight per min and metabolite values as _ 
umoles/g dry weight (lyophilized). 


Results 


For this study six dog hearts were subjected to 30 
minutes of regional ischemia. In all, 240 biopsy samples . 
were retrieved for analysis of metabolite and flow gra- - 
dients. In some instances analytical losses resulted in 
the reduction of this sample number, but in all cases 
more than 200 samples were studied. 

Definition of normal and ischemic tissue: As a 
baseline for studies, and in order to validate the sam- 
pling, freezing and analytical procedures, samples ob- 
tained from areas remote from the ischemic zones and 
samples from the core of the ischemic zones were ana- 
lyzed. The results indicated that biopsy samples ob- 
tained from the normal tissue were well perfused (0.79 
+ 0.03 ml/g wet weight per min, n = 24), whereas those 
from the ischemic areas had a severely reduced flow 
(0.19 + 0.04 ml/g wet weight per min, n = 19). However, 
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. FIGURE 4. Creatine phosphate gradients in regional myocardial isch- 
emia. Creatine phosphate values in relation to biopsy distance from 
_ the line of maximal change. Biopsy samples obtained from the normal 
- tissue at 2, 6 and 10 mm are plotted to the left of the interface and 
samples obtained from the ischemic tissue at 2, 6 and 10 mm are 
plotted to the right of the interface. The values obtained are expressed 
_ in moles creatine phosphate/g dry weight. N = number of biopsies 
. assayed within each distance group. The bars indicate the standard error 
| of the mean. 


- in no instance was the coronary flow reduced to 0. The 
values for the metabolites showed comparable patterns. 

"Thus in the normal tissue (10 mm from the line of 
maximal change) ATP (26.62 + 0.68 umoles/g dry 
weight, n = 19) and CP (33.40 + 0.74 umoles/g dry 
- weight, n = 20) values were high and comparable with 
- values reported by other investigators. The preservation 
of these labile high energy phosphates confirms the 
. validity of the freezing procedure. Similarly, lactate 
- values in the normal tissue were low (8.69 + 0.38 
- umoles/g dry weight, n = 24). In the ischemic tissue high 
- energy phosphates were depleted and lactate was ele- 
vated. 

— Creatine phosphate (CP) gradients: Figure 4 
- shows the consolidated display of the CP values for 208 
- biopsy samples obtained from six dogs 30 minutes after 
- the onset of ischemia. The most striking feature of these 
— results is that in the transition from normal to ischemic 
tissue there was a very abrupt decrease in the mean CP 
- content. Biopsy samples retrieved from tissue that was 
- clearly nonischemic (that is, blood flow values in excess 
_ of 0.75 ml/min per g wet weight), located 6 or 10 mm 
- from the line of maximal change, had CP contents of 
. 87.2 + 1.25 and 33.4 + 0.74 umoles/g dry weight, re- 
spectively. By contrast, tissue obtained from severely 
- ischemic tissue (blood flow reduced by 75 percent or 
more), located 6 or 10 mm inside the interface of maxi- 
. mal change, had values of 10.1 + 0.96 and 8.0 + 1.0 
umoles/g dry weight, respectively. Biopsy samples im- 
. mediately adjacent to the line of maximal change did 
not differ significantly from those obtained at more 
. remote locations within their respective zones. Thus, 
. in normal tissue the CP content of biopsy specimens 
with centers 2 mm from the interface was 31.48 + 0.73 
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FIGURE 5. Adenosine triphosphate gradients in regional myocardial 
ischemia. Format as in Figure 4. 


umoles/g dry weight and in ischemic tissue the corre- 
sponding value was 11.92 + 0.79 umoles/g dry weight. 
In other words there was no progressive change in cre- 
atine phosphate content as the sampling site moved 
from the normal to the ischemic zone, but there was an 
abrupt decrease within a zone spanned by two biopsy 
samples (8 mm total width). Because these two biopsy 
samples did not differ significantly from other biopsy 

samples in their respective zones the results indicate 
that a sharp interface or very narrow zone of change 
must occur for this metabolite. 

Adenosine triphosphate (ATP) gradients: Similar 
results to those described for creatine phosphate were 
obtained for ATP. Figure 5 shows that the mean ATP 
content of biopsy samples directly adjacent to the line 
of maximal change in the normal and ischemic areas was 
24.57 + 0.45 and 16.70 + 0.59 umoles/g dry weight, re- 
spectively. Furthermore, biopsy specimens retrieved at 

6 and 10 mm from this line within the ischemic zone had 
a mean value of 16.47 + 0.74 and 13.30 + 1.07 umoles/g 
dry weight, respectively, whereas the corresponding 
value for ATP in the normal tissue was 25.86 + 0.58 and 
26.62 + 0.68 umoles/g dry weight, respectively. Thus, 
because there was no significant difference among each 
of the biopsy groups in normal tissue and each of the 
three biopsy groups in ischemic tissue, the results in- 
dicate that a sharp zone of change exists at or near to the 
interface between adjacent biopsy samples; that is, the 
absence of a substantial number of biopsy samples with 
values intermediate between those of normal and 
ischemic tissue argues against the existence of a border 
zone of intermediate injury. 

Adenosine diphosphate (ADP) and aderiosine 
monophosphate (AMP) gradients: The interpretation 
of the data on these metabolites is more complex be- 
cause, unlike ATP and CP, they do not decrease in a 
simple time-dependent manner during ischemia but are 
known to exhibit a transient increase and decrease as 
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FIGURE 6. Adenosine diphosphate gradients in regional myocardial 
ischemia. Format as in Figure 4. 


a consequence of ATP breakdown followed by their own 
degradation. Nevertheless, Figures 6 and 7 show that, 
as with ATP and CP, a sharp interface exists between 
adjacent biopsy samples from normal and ischemic 
tissue. After the 30 minute ischemic period both ADP 
and AMP in the ischemic area are approximately double 
the amount observed in the normal tissue. In the latter 
region considerable unexplained variability was ob- 
served. However, this did not influence the interpre- 
tation of the results, which showed that very few biopsy 
samples with metabolite levels intermediate between 
normal and ischemic were obtained in the zone of 
maximal change and thus a sharp interface of metabo- 
lism would appear to exist. 
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FIGURE 7. Adenosine monophosphate gradients in regional myocardial 
ischemia. Format as in Figure 4. 
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Lactate gradients: Unlike ATP and CP, which 
tended to decrease during ischemia, tissue lactate in- 
creased dramatically. Figure 8 shows that this increase 
was abrupt as the sampling site moved from the normal: 
to the ischemic tissue. Thus, the mean lactate content 
of all biopsy samples outside the ischemic zone was 6.60 
+ 0.38 umoles/g dry weight and there was no significant | 
difference among the three groups of biopsy specimens - 
(at 2, 6 and 10 mm from the line of maximal change). At - 
the zone of maximal change, tissue levels increased - 
three- or fourfold between adjacent biopsy specimens. - 
Unlike ATP and CP, these values continued to increase _ 
as the sampling site moved farther into the ischemic - 
zone (33.01 + 3.38 and 36.33 + 5.9 wmoles/g dry weight - 
and 6 and 10 mm, respectively. This difference is 
probably due to the diffusion and washout character- - 
istics of lactate. Unlike the high energy phosphates, L 
which are essentially confined to the cytoplasmic space, — 
lactate is able to diffuse from the cytoplasm to the ex- _ 
tracellular space. Residual coronary flow together with | 
diffusion into nonischemic tissue would tend to clear - 
this metabolite from the ischemic zone, and such — 
clearance may be more effective on the periphery of the - 


i 


evolving infarct. However, the results of the lactate 3 
analysis still support a sharp interface of metabolism - 
between normal and ischemic tissue. 3 
Flow gradients: Because the metabolic profiles de- r 
scribed in the preceding sections are largely determined - 
by the extent of coronary perfusion it is not surprising . 
that the characteristics of flow distribution between - 
normal and ischemic tissue are similar to those for | 
metabolic states with a sharp decrease in coronary flow | 
over a very narrow band of tissue. Figure 9 shows the — 
relation of coronary perfusion to the distance of biopsy 
samples from the line of maximal change. In normal . 
tissue flow values obtained at 6 and 10 mm from the line - 
of maximal change were 0.79 + 0.06 and 0.79 + 0.03 ml/g 
wet weight per min, respectively. At 2 mm the value was A 
slightly lower (0.64 + 0.03 ml/g wet weight per min). q 
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However, there was then an abrupt decrease as the 
- sampling site moved into the ischemic zone, and re- 
spective values of 0.22 + 0.02, 0.18 + 0.02 and 0.19 + 
0. 04 ml/g wet weight per min were obtained at 2, 6 and 
10 mm from the line of maximal change. These three 
values did not differ significantly. The small reduction 
_in the 2 mm samples obtained in the normal zone may 
_ reflect an intermediate level of perfusion (that is, a true 
but small gradient) or mixed biopsy samples. Alterna- 
- tively, as we!? have shown before, there may be a zone 
of hyperfusion occurring 10 mm or more from the zone 
E ; of maximal change. Such a zone of hyperfusion could 

give the incorrect impression of a reduction of flow be- 
tween this zone and the line of maximal change. Un- 

_ fortunately, the dimensions of the biopsy cutter used 
_ in these studies were insufficient to extend further into 
the normal tissue and thus we were unable to clarify this 
latter point. Despite these complications a sharp in- 
terface was shown to exist between adjacent biopsy 
samples. 


Discussion 


'The development of a multiple biopsy cutter that 
allows the rapid and simultaneous sampling of contig- 
- uous muscle pieces has allowed us to improve consid- 
erably our ability to resolve metabolic and flow gradi- 
 ents in the mammalian myocardium. In our series of 
Studies sets of 40 adjacent transmural biopsy samples 
were obtained from the left ventricular wall of dog 
hearts 30 minutes after the onset of coronary arterial 

ligation. The absence of interspaces between biopsy 
. Specimens and the small size of the specimens (4.0 by 
.. 4.0 mm) allowed us to locate an'd characterize metabolic 
and flow gradients to within 2.0 mm of their exact lo- 
. cation. Furthermore, the selective analysis of only the 
. first 1.8 mm of epicardial tissue allowed us to minimize 

variability arising as a result of any transmural gradients 
_ of flow and metabolism. The analysis of flow in the same 








a 


biopsy subfraction as that for metabolite determina- 
tions allowed us to characterize more completely the 
relation between flow reduction and metabolic im- 
pairment. 

Flow distribution from normal to ischemic 
myocardium: Consideration of the measurements of 
flow distribution lead to two critical conclusions. First, 
in agreement with our earlier findings!’ and the results 
of others,19:?4 flow, even in the core of an ischemic area 
created by multiple coronary arterial ligation, is rarely 
if ever reduced to 0 in the dog. Analysis of more than 200 
biopsy samples revealed that flow in the center of the 
infarct was rarely less than 24 percent of that in normal 
tissue. This residual flow, presumably arising as a con- 
sequence of collateral circulation, will deliver significant 
amounts of oxygen to the injured tissue and provides 
evidence supporting the contention of Opie*4 that even 
under ischemic conditions oxidative metabolism may 
remain the dominant source of adenosine triphosphate. 
Of comparable importance would be the ability of the 
residual flow to remove toxic metabolites such as pro- 
tons and lactate (possibly as reflected in the lactate 
gradient shown in Fig. 8) and to deliver potentially 
protective therapeutic agents. 

The second observation is that a sharp interface, as 
opposed to a wide gradient, occurs for flow as the 
sampling site moves from normal to ischemic tissue. In 
these studies we identified interfaces of maximal change 
between adjacent biopsy specimens and observed that 
the greater part of the overall change between normal 
and ischemic tissue was accomplished over the span of 
one or two biopsy samples. Thus, samples immediately 
distal to those identifying the interface of maximal 
change were generally “normal” or maximally ischemic. 
The biopsy samples in the ischemic area (Fig. 9), 
whether their centers were 2, 6 or 10 mm from the in- 
terface of maximal change, were essentially identical 
with a 75 percent reduction in flow. Consider, for ex- 
ample, that a border zone, or more correctly a zone of 
change exists in which the transition from normal to 
ischemic flow occurs over a 4 mm distance. These results 
indicate that the transition from normal to high flow to 
ischemic flow must occur over a very narrow band of 
tissue located within a zone no wider than that of one 
or two biopsy samples. 

Methodologic considerations: In attempting to use 
our results to determine the nature and width of the 
zone of change between normal and ischemic tissue it 
is important to consider the sampling process and in 
particular its random nature. If each biopsy cutter has 
a 4 mm section the statistical probability that the entire 
zone will be sampled by a single cutter is exceedingly 
small. In most instances the 4 mm zone of change would 
be retrieved in two adjacent biopsy samples, each of 
which would reveal intermediate levels of flow and 
metabolism. Thus a 4 mm zone of change will appear 
analytically as an 8 mm zone. If one applies a similar 
argument to a sharp interface—that is, a zone of change 
of 1 mm or less—then this is most likely to be retrieved 
within a single biopsy specimen and thus would appear 
analytically as a 4 mm zone. On the basis of this argu- 
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ment, the results obtained in our study for flow and 
various metabolites, where abrupt change occurs be- 
tween adjacent biopsy samples and where the transition 
from predominantly normal to predominantly ischemic 
tissue occurs over the width of one biopsy specimen or 
less, we contend that in the model used in these studies 
there is no significant lateral border zone in the epi- 
cardium. 

Clinical implications: The absence of a lateral zone 
of intermediate injury in the epicardial tissue naturally 
raises important questions in relation to target cells for 
therapeutic protection. However, it should be stressed 
that our findings do not apply to endocardial tissue or 
to the possibility that transmural gradients may gen- 
erate zones of intermediate injury. These two possibil- 
ities are currently under investigation. The absence of 
lateral, transmural or any spatially identifiable zones 
of intermediate injury would not necessarily invalidate 
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the concept of tissue protection through the reduction — 


may occur where the sharp interface between normal 
and ischemic tissue might be caused to migrate into the 


normal (infarct extension) or the ischemic (infarct re- 
duction) tissue. This latter possibility is also currently 


under investigation. Finally, many differences exist 


between a dog heart with multiple coronary arterial li- - 
gation (which generates a large area of sharply demar- 
cated ischemia) and the human heart with partial cor- - 


onary arterial occlusion or diffuse ischemic heart dis- 


or delay of ischemic injury because temporal changes . 


" er 


ease. Therefore extrapolation of our results to the - 


human heart should be made only with great caution. 
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To assess selectively the effectiveness of therapeutic interventions to 
reduce infarct size, it is important to assess both ultimate infarct size as 
well as the size of the region of myocardium at risk to infarction. The 
anatomically defined perfusion bed of an occluded artery has generally 
been assumed to be synonymous with the region at risk of infarction. This 
assumption was tested by delineating the anatomic perfusion bed of an 
occluded artery with microvascular dyes and by examining the relation 
of the anatomic perfusion bed to the region of acute ischemic injury. In 
8 baboons, 12 pigs and 15 dogs a major branch of the left anterior de- 
scending or left circumflex coronary artery was occluded. At 2 and 30 
minutes after occlusion the epicardial area of ischemic injury was de- 
termined by epicardial S-T segment mapping. The boundary of epicardial 
S-T segment elevation was resolved to within 1 mm and marked directly 
on the ventricular surface. The heart was then excised and the perfusion 
bed of the occluded artery was delineated by either (1) injecting different 
colored silicone rubber microvascular dyes into the previously occluded 
artery as well as the adjacent perfusion beds (direct method), or (2) in- 
jecting dye only into the adjacent perfusion beds (defect method). 

Serial cross-sections of the left ventricle from the direct and defect 
dye-perfused hearts in all three species showed the perfusion bed of the 
occluded artery to be readily demarcated. Microscopic examination 
demonstrated no evidence of capillary anastomoses and minimal inter- 
digitation of capillaries at the perfusion bed boundaries. In dye-perfused 
hearts, the baboon and the pig showed no evidence of precapillary an- 
astomoses between perfusion beds; however, the dog demonstrated 
numerous epicardial collateral channels. The epicardial area of the an- 
atomic perfusion bed correlated closely with the epicardial area of S-T 
segment elevation at 2 minutes after occlusion in the baboon (r — 0.97), 
pig (r = 0.99) and dog (r = 0.96). The epicardial area of S-T segment 
elevation did not change through the 30 minute period of occlusion in the 
baboon and the pig, but in the dog it showed a progressive and variable 
reduction reflecting the gradual recruitment of existing collateral channels 
from adjacent perfusion beds. 

It is concluded that the techniques of direct and defect dye delineation 
accurately define the anatomic perfusion bed of an occluded coronary 
artery. This anatomic perfusion bed corresponds to the region of myo- 
cardium undergoing acute ischemic injury and hence the region at risk 
to infarction immediately after coronary occlusion in the three species 
studied. 


It is important that investigators using experimental animal models to 
assess the effects of therapeutic interventions in reducing infarct size 
be able to define accurately the region at risk to infarction after coronary 
occlusion. It has become increasingly recognized that infarct size may 
show considerable inherent variability despite coronary occlusion at the 
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same anatomic site.!-? This variability in infarct size 
results from variability in the size of the region at risk 
to infarction after coronary occlusion. Thus, in order to 
assess selectively the contribution of a therapeutic in- 
tervention to reduce infarct size, infarct size should be 
expressed as a proportion of the region at risk to in- 
farction. Several techniques have been proposed as 
methods to delineate the region at risk to infarction, the 
most widely employed being delineation of the perfu- 
sion bed of an occluded coronary artery.?-? However, the 
relation between the region of this perfusion bed and 
the region undergoing acute ischemic injury has yet to 
be determined. 

The aim of the present study was to examine the 
relation between the anatomically defined perfusion bed 
of an occluded artery and the region of acute ischemic 
injury to demonstrate whether this perfusion bed ac- 
curately represents the region at risk to infarction. 
Microvascular dye injection techniques were employed 
which allowed accurate determination of the anatomic 
perfusion bed of an occluded coronary artery. This an- 
atomic perfusion bed was compared with the region 
manifesting acute ischemic injury, as determined by 
high resolution epicardial S-T segment mapping, in 
order to assess the accuracy of the perfusion bed to 
represent the region at risk to infarction. Because in- 
terspecies differences in collateralization may affect the 
relation between the anatomic perfusion bed and the 
region at risk to infarction, the study included a com- 
parative assessment in the baboon, pig and dog. 


Methods 


Surgical preparation: Thirty-five animals including 8 
baboons (Papio anubis, 16 to 20 kg), 12 pigs (25 to 30 kg) and 
15 mongrel dogs (15 to 20 kg) were initially sedated with 
phencyclidine hydrochloride (1 mg/kg body weight intra- 
muscularly). Anesthesia was induced and maintained with 
intravenous infusions of sodium thiopental (2 mg/kg). A 
standard lead II electrocardiogram was monitored. A cuffed 
endotracheal tube was inserted by intubation (baboons and 
dogs) or by tracheostomy (pigs) and the animals were venti- 
lated with a volume respirator (Harvard Apparatus Company, 
Inc.) maintaining an arterial pH of 7.40 + 0.05. Supplemental 
oxygen was administered as necessary to maintain an arterial 
oxygen saturation of at least 95 percent. Mean arterial pres- 
sure was monitored by an 8F catheter advanced through the 
femoral artery. A left thoracotomy was performed and the 
heart suspended in a pericardial cradle. A 3-0 mersilene snare 
was placed around a major diagonal branch of the left anterior 
descending coronary artery or a marginal branch of the left 
circumflex coronary artery after the arteries were dissected 
free of their adjoining veins. Occlusion of either of these ar- 
teries produced a region of ischemia limited to the free wall 
of the left ventricle. 

Epicardial electrode mapping: Delineation of the epi- 
cardial boundary of ischemic injury was achieved by high 
resolution S-T segment mapping using an atraumatic multi- 
polar exploring probe. The probe consisted of five silver wire 
electrodes (0.11 mm in diameter) linearly spaced at 1 mm 
intervals. Mapping the boundary of the epicardial area of S-T 
segment elevation after coronary occlusion (Fig. 1) was facil- 
-itated by observing the boundary of cyanosis and dyskinesia 
when these were clearly visible. The boundary of the area of 
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epicardial S-T elevation was resolved to within 1 mm by 
stepwise recordings with the probe around the boundary. 
Epicardial S-T elevation 2mV or greater 40 ms after the J - 
point was considered significant and was determined by an — 
observer who was unaware of the position of the recording | 
probe on the heart. Recordings from the five unipolar leads . 
of the exploring probe were obtained simultaneously with a — 
Gould, Brush, Mark 260 recorder with multiple electrocar- 
diographic couplers (model 11430101, Gould, Inc.) at a paper - 
speed of 25 mm/s and a sensitivity of 1 mV/mm. Wilson's - 
central terminal was used as the indifferent electrode. The - 
frequency response of the electrocardiographic coupler with - 
preamplifier is linear from 0.14 hertz to 1 kilohertz and the E. 
frequency response of the recorder is linear from direct current " 
to 40 hertz. s 
Study protocol: After control recordings of mean arterial 
pressure and a standard lead II electrocardiogram, the diag- 
onal branch of the left anterior descending coronary artery or 
the marginal branch of the left circumflex coronary artery was - 
occluded by tightening the snare. At 2 and 30 minutes after | 
occlusion, the boundary of the area of significant S- T elevatior B 
was determined with the exploring probe and marked directly - 
on the heart with a fine point surgical marking pen. After 30 — 
minutes of occlusion, mean arterial pressure and the lead T 
electrocardiogram were again recorded and the snare was re- 
leased. After reperfusion, 5,000 U of heparin was administered - 
intravenously to prevent clotting of blood so that subsequent. 
dye injections could easily penetrate the coronary vasculature. | 
The animals were then killed by rapid infusion of a saturated 3 
solution of potassium chloride and their heart was immedi- - 
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FIGURE 1. Epicardial electrode mapping of the boundary of ischemic 
injury. After occlusion of a major diagonal branch of the left anterior 

descending artery (LAD) or a marginal branch of the left circumflex (LCX) 
artery, the boundary of epicardial S-T elevation (STÎ) was resolved by 
the use of an exploring probe with five electrodes spaced at 1 mm in- 
tervals. The three epicardial electrocardiograms at the bottom of the 
diagram on the left demonstrate S-T elevation within the region of 
ischemic injury while the two epicardial electrocardiograms on the right 
were recorded from outside the ischemic region and demonstrate no 
S-T elevation. 
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ately excised for determination of the distribution of the 
perfusion bed of the occluded coronary artery. 
— Direct delineation of the anatomic perfusion bed of an 
occluded coronary artery: After excision of the hearts in six 
baboons, 10 pigs and 10 dogs, the previously occluded coronary 
artery, the proximal left anterior descending artery and 
proximal left circumflex artery were selectively cannulated 
with polyethylene catheters with an internal diameter of 0.58 
mm. Different colored silicone rubber microvascular dyes 
(Microfil, Canton Bio-Medical Products, Inc.) were injected 
‘simultaneously with hand-held syringes at equal flow rates 
into the three perfusion beds. After a 30 minute curing period 
for the injected dyes, insect pins (2-0) were placed at 3 mm 
intervals around the boundaries of epicardial S-T elevation 
_as determined previously at 2 and 30 minutes after coronary 
occlusion. The heart was then fixed in 10 percent formalin for 
8 days. After fixation, the ventricles were serially cross-sec- 
tioned at 3 mm intervals parallel to the minor axis of the left 
ventricle. Each section was then photographed for color slide 
- processing. The color slides of the dye-perfused sections were 
projected with a photographic enlarger at constant magnifi- 
cation and the areas of the ventricles outlined. The distance 
between the epicardial boundaries of the perfusion bed of the 
previously occluded coronary artery was determined for each 
section. This distance (corrected for magnification) was 
E wultiplied by the section thickness to yield the epicardial area 
of the perfusion bed for each section. The area for each section 
was then summated for all left ventricular sections to yield the 
total epicardial area of the perfusion bed. Similarly, for each 
section, the distance between the epicardial boundaries of S-T 
elevation was determined, as indicated by epicardial pins, 
multiplied by the section thickness and summated for all left 
ventricular sections to yield the total area of epicardial S-T 
elevation. The total epicardial area of the perfusion bed was 
compared to the total epicardial area of S-T elevation for the 
three species groups by correlation and regression. 
. Defect delineation of the anatomic perfusion bed of an 
_occluded coronary artery: In a second group of animals, dye 
was injected only into arteries adjacent to the occluded coro- 
nary artery to determine whether the perfusion bed of the 
occluded artery could be accurately delineated as a perfusion 
defect. Additionally, this defect dye-perfusion technique 
would allow observation of any surface collateralization be- 
tween the perfusion bed of the occluded artery and the adja- 
cent perfusion beds. In two baboons, two pigs and three dogs, 
epicardial S-T segment mapping was performed at 2 and 30 
minutes after coronary occlusion as described below. After 
excision of the heart, the proximal left anterior descending and 
proximal left circumflex arteries were cannulated for micro- 
vascular dye injections. The occluded coronary artery was li- 
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Mean Arterial Pressure (MAP) and Heart Rate (HR) Before 
and 30 Minutes After Occlusion in the Baboon, Pig and Dog 
- (mean values + standard error of the mean) 
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Before After 
Occlusion Occlusion 

Baboons . 

MAP (mm Hg) 113 $4.5 114+ 4 

HR (beats/min) 125+8 125+ 8 
Pigs 

MAP (mm Hg) 10204 104+ 4 

HR (beats/min) 134 - 9 140 + 12 
Dogs 

MAP (mm Hg) 921-5 9143 4 

HR (beats/min) 14245 1454+ 5 





gated at the site of earlier occlusion, which prevented any 
anterograde filling with dye during injection. The perfusion 
beds adjacent to that of the occluded coronary artery were 
then injected with dye. After a 30 minute dye curing period 
insect pins were placed at 3 mm intervals around the previ- 
ously marked boundary of the area of epicardial S-T elevation. 
The heart was fixed in 10 percent formalin for 3 days and the 
ventricles were then serially cross-sectioned at 3 mm intervals 
parallel to the minor axis of the left ventricle. The sections 
were photographed and the slides projected with a photo- 
graphic enlarger at constant magnification. The epicardial 
area of the defect in dye perfusion and the epicardial area of 
S-T elevation were compared for individual cross sections of 
the left ventricle in the three species groups. 

Microscopic examination of the perfusion beds: Rep- 
resentative left ventricular sections 1 to 2 mm in thickness 
from each species group with both direct and defect perfusion 
bed delineation were dehydrated with 100 percent ethanol for 
1 week and then cleared with methyl salicylate for 24 hours. 
Sections were then examined under a dissecting microscope 
with X1 and X10 objectives and surface illumination. This 
allowed the dye-filled capillaries to be directly visualized. The 
relation of the capillary beds filled with different colored dyes 
to each other and to the epicardial boundary of S-T elevation 
was determined. 


Results 


Hemodynamics: Changes in mean arterial pressure 
and heart rate between recording periods before and 30 
minutes after occlusion are shown in Table I for the 
three species. There were no significant changes during 
this time period in either variable in the three species 
as determined by paired t test. 

Direct delineation of the anatomic perfusion bed 
of an occluded coronary artery: The injected mi- 
crovascular dyes readily passed through capillary beds 
and were drained by the coronary veins. The left panels 
in Figure 2 (A, B, C) show representative cross sections 
of the dye-perfused left ventricle in a baboon, pig and 
dog, respectively. In the six baboons, 10 pigs and 10 
dogs, left ventricular cross sections demonstrated that 
the microvascular dyes completely filled the perfusion 
bed of the injected coronary arteries. Distinct bounda- 
ries were observed between the perfusion beds of the 
previously occluded and adjacent coronary arteries at 
all levels of the myocardial wall. 

Relation between the epicardial area of S-T el- 
evation at 2 and 30 minutes after coronary occlu- 
sion: In the six baboons and 10 pigs that underwent 
direct perfusion bed delineation of the occluded artery, 
the boundary of the area of epicardial S-T elevation 
showed no discernible change between 2 and 30 minutes 
after coronary occlusion. In contrast, 2 of 12 dogs 
showed no evidence of epicardial S-T elevation or cya- 
nosis after occlusion of several diagonal branches of the 
left anterior descending artery or the marginal branch 
of the left circumflex artery. Among the remaining 10 
dogs, 3 showed no discernible change in the area of 
epicardial S-T elevation between 2 and 30 minutes after 
occlusion and 7 showed a progressive but variable de- 
crease in this area during the 30 minute period after 
occlusion (Fig. 3). Reduction in the area of epicardial 
S-T elevation coincided with a readily apparent re- 
duction in the epicardial area of visible cyanosis. The 


1242 June 1981 The American Journal of CARDIOLOGY Volume 47 


www Wu, má VL WxTCNOEEIPeCUDUNDTER Ue XO S 











correlation coefficient between the epicardial areas of 
S-T elevation at 2 and 30 minutes after coronary oc- 
clusion (for the 10 dogs that showed S- T elevation after 
occlusion) was 0.65. 

Relation between the direct delineated perfusion 
bed of an occluded coronary artery and the area of 
epicardial S-T elevation: The relation between the 
epicardial area of the perfusion bed and the epicardial 





ANATOMIC PERFUSION BED AND REGION AT RISK—GEARY ET AL. 


area of S-T elevation (which remained unchanged be- 
tween 2 and 30 minutes after occlusion) is shown for the 
baboon and pig in Figure 4. An excellent linear relation 
was observed with correlation coefficients of 0.97 and 
0.99, respectively. Representative cross sections of the 
left ventricle are shown in Figure 2 (left panels). For the 
dog (Fig. 5A), there was also an excellent correlation 
between the epicardial area of the perfusion bed and the 
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FIGURE 2. Direct and defect delineation of the anatomic-perfusion bed of an occluded coronary artery by microvascular dye injections. The left 
panels (A, B and C) show representative cross sections of the direct dye-perfused left ventricle in a baboon, pig and dog, respectively. The perfusion 
bed of the previously occluded coronary artery has been filled with red dye whereas the adjacent perfusion beds have been filled with yellow dye. 
The right panels (A, B and C) show representative cross sections of the defect dye-perfused left ventricle in a baboon, pig and dog, respectively. 
No dye was injected into the previously occluded coronary artery and its perfusion bed appears as a perfusion defect. Yellow dye was injected 
into the adjacent perfusion beds. In both the left and right panels, in the baboon and the pig (A and B, respectively), the pins at the epicardial surface 
represent the boundary of S-T elevation, which is unchanged at 2 and 30 minutes after occlusion. In the dog (C), the outer two pins at the epicardial 
surface represent the epicardial boundary of S-T elevation at 2 minutes after occlusion and the two inner pins represent the epicardial boundary 


of S-T elevation at 30 minutes after occlusion. 
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EPICARDIAL AREA OF ST! AT 30 MIN (cm?) 





Oo 4 8 i2 
EPICARDIAL AREA OF ST AT 2 MIN (cm?) 


FIGURE 3. Relation between the epicardial area of S-T elevation (STÎ) 
at 2 and 30 minutes after occlusion in the dog. 


area of epicardial S-T elevation determined at 2 minutes 
- after occlusion (r = 0.96). However, at 30 minutes after 
occlusion in the dog (Fig. 5B), the epicardial area of S-T 
- elevation showed a poorer correlation with the epicar- 
dial area of the perfusion bed (r = 0.59). A representa- 
tive cross section of the left ventricle in the dog is shown 
. in Figure 2C (left panel). 

Surface collateralization between the occluded 
. coronary artery and adjacent perfusion beds: In the 
- baboons, pigs and dogs in which dye was injected only 
- into the proximal left anterior descending and left cir- 
- cumflex arteries, dye readily filled the arterial branches 
_ of these arteries. With continued injection, dye filled the 
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Baboon 


N=6 
r = 0.97 
Y = 0.98 X + 0.04 





EPICARDIAL AREA OF PERFUSION BED (cm?) 


Oo 4 8 12 








capillary beds producing a characteristic blush at the 
epicardial surface and then was drained by the super- 
ficial veins. In the baboon and pig, prior to venous filling 
with dye there was no evidence of filling of the occluded 
artery; however, small amounts of dye were observed in 
the occluded artery after venous filling. It was noted 
that veins frequently drained perfusion beds of several 
coronary arteries and thus this dye may be arising from 
the venous drainage of adjacent coronary arteries and 
backflowing into the occluded artery. There were no 
direct collateral channels observed at the epicardial 
surface. 

In the dog, when dye was similarly injected only into 
the proximal left anterior descending and left circum- 
flex arteries, early retrograde filling of the occluded 
coronary artery occurred before capillary or venous 
filling of adjacent vascular beds were observed. Direct 
arterial collateral channels were superficially located, 
readily visualized and initially filled the peripheral 
vasculature of the occluded artery. It was additionally 
noted that when dye was injected only into the proximal 
left anterior descending artery, the left circumflex artery 
would fill with dye in a retrograde direction. Similarly, 
dye injection into only the proximal left circumflex ar- 
tery resulted in retrograde filling of the left anterior 
descending artery. 

Defect delineation of the anatomic perfusion bed 
of an occluded coronary artery: Cross sections of the 
left ventricle in the baboon and pig (Fig. 2, A and B 
[right panels]) showed that the perfusion bed of the 
occluded artery (perfusion defect) was readily demar- 
cated from the dye-filled perfusion beds of the adjacent 
arteries. The boundaries at the epicardial surface be- 
tween the perfusion beds of the occluded and adjacent 
coronary arteries in the baboon and pig closely corre- 
sponded to the epicardial boundary of S-T elevation (r 
= 0.88 and 0.95, respectively). 
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EPICARDIAL AREA OF ST AT 30 MIN (cm?) 


FIGURE 4. Relation between the epicardial area of S-T elevation (ST1) (which is unchanged between 2 and 30 minutes after occlusion) and the 
epicardial area of the perfusion bed of the occluded artery in the baboon (A) and the pig (B). 
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N= IO 
r = 0.96 
Y = 0.96 X + 0.57 


EPICARDIAL AREA OF PERFUSION BED (cm?) 


EPICARDIAL AREA OF ST t AT 2 MIN (cm?) 


FIGURE 5. Relation in the dog between the epicardial area of S-T elevation (ST1) at 2 (A) or 30 (B) minutes after occlusion and the epicardial area 


of the perfusion bed of the occluded artery. 


In the dog, the perfusion bed of the occluded artery 
(perfusion defect) was also readily demarcated from the 
dye-filled perfusion beds of the adjacent coronary ar- 
teries (Fig. 2C [right panel]). Frequently, however, there 
was also a faint dye coloration seen in the perfusion 
defect in the subepicardial region that usually did not 
obscure the sharp demarcation at the perfusion bed 
boundary. Cross sections of the left ventricle showed 
that the epicardial boundary of the perfusion bed closely 
corresponded to the boundary of epicardial S-T eleva- 
tion at 2 minutes after occlusion (r = 0.98) whereas the 
boundary of epicardial S- T elevation determined at 30 
minutes after occlusion was characteristically well 
within the defect delineated perfusion bed of the oc- 
cluded artery. 

Microscopic examination of the perfusion beds: 
Cleared sections of the left ventricle were microscopi- 
cally examined for animals that had direct dye delin- 
eation of the perfusion bed of the occluded artery. In the 
baboon and the pig, there appeared an abutment of the 
capillary beds of the occluded and adjacent arteries with 
virtually no interdigitation of capillaries and no inter- 
mixing of dyes at any level of the myocardial wall. In the 
dog, whereas a distinct abutment of capillary beds also 
usually occurred, occasionally a narrow zone of inter- 
mixing of dyes was observed in the subepicardial region 
between two adjoining perfusion beds in some cross- 
sections. 

Cleared sections of the left ventricle were also ex- 
amined for animals that had defect delineation of the 
perfusion bed of the occluded artery. In the baboon and 
the pig, there was an abrupt change from dye-filled 
capillary beds of adjacent arteries to the nondye-per- 
. fused capillary bed of the occluded artery. In contrast, 
in the dog, penetrating arteries within the perfusion bed 
of the occluded artery were seen to be filled with dye by 
way of epicardial collateral channels from adjacent 
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perfusion beds. This dye incompletely filled the : 
subepicardial capillary network. There was no evidence 
of continuity at the capillary level between the perfusion - 
bed of the occluded coronary artery and the adjacent 
perfusion beds. 
Discussion i 
In order to quantitatively assess the effects of ther- | 
apeutic interventions in reducing infarct size, it is im- - 
portant to be able to accurately define the region at risk — 
to infarction. Most studies examining the effects of. 
therapeutic interventions have expressed infarct size | 
as an absolute volume or as a percent of the left ven- ` 
tricular volume. It has, however, been frequently ob- i 
served that a wide variability in infarct size may occur i 
with coronary occlusion even at the same anatomical- 
site.1-? This variability in infarct size is due to the in- 
herent variability in the size of the region at risk to in- 
farction after occlusion. If the ultimate infarct size is 
expressed as a proportion of the region at risk to in- - 
farction, then the effects of therapeutic interventions | 
on infarct size may be more selectively examined. 
Direct delineation of the anatomic perfusion 
bed of an occluded coronary artery: Several ap- | 
proaches have been used, mainly in dogs, to delineate : 
the presumed region at risk to infarction by direct de- 
lineation of the perfusion bed of an occluded coronary - à 
artery. However, whether this perfusion bed accurately | 
represents the region of myocardium acutely at risk to 
infarction remains uncertain. Lowe et al,? using a- 
neoprene latex injectate, and Jugdutt et al.,’ using a 
barium sulfate gelatin injectate, delineated the perfu- - | 
sion bed of an occluded coronary artery with dye in- - 
jections that did not penetrate beyond the precapillarel | 
level. Rivas et al.? using an Evans blue dye injectate and 
Grayson et al.* using a silicone rubber injectate delin- 
eated the perfusion bed of the occluded artery with dye 
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injections that passed through the capillaries. Rivas et 
al.,? injecting the occluded artery directly, found the 
perfusion bed of the occluded artery to be substantially 
smaller relative to infarct size than either Lowe et al.,? 
utilizing sequential injections of first the adjacent per- 
fusion beds and then the perfusion bed of the occluded 
artery, or Jugdutt et al.," using injections only of the 
adjacent perfusion beds. The reasons for these differ- 
ences in outlining the distribution of the perfusion bed 
of the occluded artery have not been clarified. Fluxes 
of injected dye through collateral channels between 
adjacent perfusion beds may occur to a variable and 
undetermined extent and may significantly alter the 
observed perfusion bed as a function of the method of 
injection used. For example, Lowe et al.? suggested that 
sequential dye injections first into the adjacent perfu- 
sion beds and then into the occluded artery may cause 
an underestimation of the true anatomic perfusion bed 







d esigned to delineate the anatomic perfusion bed of an 
occluded coronary artery remain to be determined. Also, 


has not been examined. 
i In the present study, the perfusion bed of an occluded 
coronary artery was determined in the baboon, pig and 
dog, using simultaneous injections of silicone rubber 
microvascular dyes into the occluded and adjacent 
E arteries. Examination of left ventricular cross 
sections in all three species showed that the capillary 
beds supplied by adjacent coronary arteries are readily 
demarcated and appear to be anatomically indepen- 
‘dent. The distribution of the perfusion bed of the oc- 
cluded artery was correlated to the distribution of 
ischemic injury, as determined by high resolution epi- 
cardial S-T segment mapping, in order to determine the 
- accuracy of the perfusion bed in outlining the region at 
risk to infarction. Epicardial S-T segment changes have 
often been used to indicate the distribution of myo- 
Bardia] ischemic injury.?!! We!? have previously re- 
viewed the usefulness and limitations of epicardial S-T 
segment mapping and electrocardiographic models of 
myocardial ischemic injury which explains the relation 
between epicardial S-T elevation and the underlying 
transmembrane potential changes in ischemic cells. 
From our previous studies, as well as those of oth- 
_ers!®11-13 it has been demonstrated that the epicardial 
area of S- T elevation accurately delineates that region 
- of myocardial cells undergoing ischemic transmembrane 
potential changes. 
— The ready demarcation of the perfusion bed of the 
occluded artery and the excellent correlation between 
the distribution of this anatomic perfusion bed and the 
distribution of epicardial S-T elevation at 2 minutes 
after coronary occlusion suggest that the direct micro- 
vascular dye technique employed is capable of accurate 
| delineation of the region at risk to infarction in the three 
species studied. However, because of the selective 
subepicardial collateralization in the dog, the epicardial 
area of S-T elevation after the first few minutes of 





ischemia may no longer correspond to the epicardial 
boundary of the anatomic perfusion bed. For this reason 
epicardial S-T segment mapping is limited in the dog 
and may not define the region at risk to infarction as it 
does in the baboon and pig heart. 

Defect dye delineation of the perfusion bed of an 
occluded coronary artery: Defect dye delineation of 
the perfusion bed of an occluded coronary artery in the 
baboon, pig and the dog showed that the defect in dye 
perfusion was readily demarcated from the dye-filled 
capillary beds of the adjacent arteries. In addition, the 
epicardial boundary of this perfusion bed appeared to 
be virtually identical to the boundary of the area of 
epicardial S-T elevation at 2 minutes after occlusion. 
Thus, the defect dye-perfusion technique is also capable 
of outlining the same region at risk to infarction as that 
delineated by the direct dye-perfusion technique. In 
particular, this technique may be useful in the baboon 
and the pig after long-term occlusion when necrosis of 
the vasculature of the occluded artery may preclude the 
use of the direct dye-delineation technique. Its use in 
the dog may be less satisfactory owing to partial filling 
of the subepicardial perfusion bed of the occluded artery 
with microvascular dye. 

Effects of coronary collateral blood flow on 
perfusion bed delineation: Minimal coronary collat- 
eral flow into the region of ischemia after coronary oc- 
clusion has been demonstrated in the baboon!*!? and 
pig.!? Lubbe et al.,!4 utilizing microspheres in baboons, 
demonstrated that the small collateral flow to the 
subepicardial and lateral areas of a region of acute 
ischemia decreased when epicardial branches of adja- 
cent arteries were ligated. We observed no evidence 
from either direct or defect microvascular dye tech- 
niques to suggest the presence of significant collateral 
channels. Delineation of the perfusion bed of the oc- 
cluded coronary artery as determined by both these 
techniques was not influenced by the minimal collateral 
flow between adjacent perfusion beds. 

The presence of significant epicardial collateral 
channels between perfusion beds has been observed in 
the dog by several investigators.?*^!? Okun et al.!* 
recently demonstrated in the dog the absence of direct 
capillary anastomoses between perfusion beds of adja- 
cent coronary arteries. We also observed significant 
collateral channels and anatomically independent 
capillary beds but did not observe any significant in- 
terdigitation of capillaries at perfusion bed boundaries 
as described by Okun et al.!? In the direct perfusion 
technique, some intermixing of dyes was observed in the 
epicardial region near the perfusion bed boundary on 
microscopic examination but did not interfere with the 
delineation of the perfusion bed. It is important that dye 
injections be made simultaneously, otherwise further 
intermixing of dyes may occur and the delineation of the 
anatomic perfusion bed will be less accurate. In the dog, 
with the defect dye-perfusion technique, even though 
some dye entered the perfusion bed of the occluded 
artery, this perfusion bed was still usually readily de- 
marcated. However, it is possible that after a longer 
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period of occlusion more dye may enter the perfusion 
bed of the occluded artery because of further opening 
of collateral channels and make the region at risk to 
infarction less readily demarcated. | 
Conclusion: The direct and defect microvascular dye 
injection techniques provide methods of delineating the 
anatomic perfusion bed of an occluded coronary artery. 
. This perfusion bed corresponds to the region of cells 
undergoing acute ischemic injury immediately after 
coronary occlusion and hence represents the region at 
risk to infarction in the three animal species studied. In 
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the baboon and pig there appears to be negligible early 
collateral support to the perfusion bed of the occluded 
coronary artery. However, in the dog there appears to 
be significant early collateral support preferentially 
the subepicardium that results in a decrease in the re- 
gion of ischemic injury over the 30 minute period o y. 
occlusion. 3 
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Grafts With Dipyridamole and Aspirin 


The potential benefit of platelet inhibitor drugs in reducing early thrombosis 
of coronary arterial vein bypass grafts was assessed in dogs. There were 
26 control dogs and 24 dogs treated with dipyridamole, 55 mg/day plus 
aspirin, 325 mg/day. The dogs in both groups were killed at 2 hours and 
1, 2, 3, 7 and 14 days after operation. The grafts were perfused with fix- 
ative in vivo, harvested and examined with light microscopy. Severe al- 
terations of the graft wall were observed in the dogs in both groups. The 
grafts in the control group had a high incidence rate of thrombosis, which 
occurred early after the operation; those in the treated group had a sig- 
nificantly reduced incidence of thrombosis (p — 0.025). Our study indi- 
cates that a combined regimen of dipyridamole and aspirin is effective 
in reducing early graft thrombosis in dogs. 


Autogenous vein graft bypass has been the surgical procedure of choice 
in obstructive coronary artery disease for 12 years. Refinements in pa- 
tient selection and in operative and postoperative management have 
resulted in a continuing reduction of mortality and morbidity. However, 
early and late occlusion continues to occur in a significant proportion 
of grafts. Approximately 10 percent of grafts become occluded early after 


- insertion and another 20 percent during the 1st year.1-? 


It is now well accepted that early graft obstruction is most likely due 
to thrombosis and late occlusion to fibrous intimal proliferation. In high 
flow vascular systems like the arterial tree and coronary saphenous vein 
grafts, the formation of thrombus involves selective platelet deposition 
mainly at sites of endothelial damage.*-9 Several drugs are known to 
inhibit platelet function and hence decrease or inhibit this mode of 
thrombus formation.*” Aspirin and dipyridamole have been found to 
inhibit platelet activity, and we® have demonstrated their effectiveness 
in decreasing the degree of late intimal thickening in saphenous vein 
coronary arterial bypass grafts in animals. 

The present study was designed (1) to document in the dog model 
the histologic changes that occur early after insertion of vein grafts, 
particularly the degree and incidence of thrombosis; and (2) to demon- 
strate the effects of the use of platelet inhibitor drugs in preventing early 
thrombus formation in these grafts. 


Methods 


Surgical procedure: Fifty-two young healthy mongrel dogs, weighing 20 to 
25 kg, underwent aorto-left anterior descending coronary arterial bypass grafts. 
The operation was performed under barbiturate anesthesia with use of cardio- 
pulmonary bypass and moderate hypothermia. The femoral vein was harvested 
with care to avoid trauma to the walls and was left in situ until just before in- 
sertion in the coronary tree. The chest was entered through a left anterolateral 
thoracotomy. The arterial cannula was inserted into the femoral artery and a 
single venous cannula was inserted into the right atrium. When core temperature 
reached 25° C, the aorta was cross clamped and the left ventricle vented through 
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the left atrial appendage. The vein graft was harvested and, | 
without flushing it with any solution, it was anastomosed in 
a reversed end to side fashion to the anterior descending 
coronary artery just distal to the first diagonal branch with 
a running stitch of 7-0 Prolene®. After completion of this 
anastomosis, the cross clamp was removed, rewarming begun 
and the aortic anastomosis performed over a side-biting 
clamp. After defibrillation and weaning of the dog from by- 
pass, the anterior descending coronary artery was ligated 
proximal to the bypass grafts. All dogs received penicillin G 
benzathine, 1,200,000 U parenterally, at the time of the op- 
eration. 

Medication groups: Of the 52 dogs, 24 were treated with 
a combination of aspirin and dipyridamole. Treatment with 
dipyridamole, 2.5 mg/kg, in a single daily oral dose, was started 
2 days before operation and continued without interruption 
until the animal was killed. Treatment with aspirin, 30 mg/kg 
as a single daily oral dose, was started 2 hours after operation, 
and this drug was given together with dipyridamole daily 
without interruption until the animal was killed. Pilot studies 
in our laboratory demonstrated that preoperative adminis- 
tration of both aspirin and dipyridamole resulted in excessive 
intraoperative and postoperative bleeding. Consequently in 
this study, aspirin was withheld until the postoperative period. 
In an untreated group 28 dogs underwent the same surgical 
procedure but received no drugs. Two of these dogs died 
within 24 hours of operation. Both deaths were unrelated to 
thrombotic graft occlusion and both dogs were eliminated 
from the study. 

Pathologic studies: The dogs in both groups were killed 
at 2 hours and 1, 2, 7 and 14 days after the operation. We found 
early in the study that alterations in the graft wall and 
thrombosis phenomena had a tendency to occur early after 
operation. For this reason the number of dogs killed 3 days 
after operation was increased in both groups, and these dogs 
formed the basis of the statistical analysis. The distribution 
of the dogs in relation to the date of death is shown in Table 
I. At the time of death the chest was reopened under general 
anesthesia. The aortic root was cannulated and the heart 
perfused in a retrograde fashion with a 3 percent glutaral- 
dehyde solution in 0.1 M Sorenson's phosphate buffer (pH 
1.4), at 120 mm Hg for 2 hours. After excision, the vein graft 
and the adjacent aorta and coronary artery were stored in the 
same glutaraldehyde preparation. Cross sections from mul- 
tiple sites of the graft and sagittal sections at the level of both 
anastomoses were obtained. Each tissue sample was embed- 
ded in paraffin and consecutive 5 u sections from each tissue 
block were processed for hematoxylin-eosin, Mallory-Heid- 
enhain and elastic van Gieson stains and examined with light 
microscopy. A total of six tissue samples were obtained from 
each graft and processed for light microscopy. 

The degree of thrombosis was quantitated as follows, ac- 
cording to the degree of maximal luminal narrowing created 
by thrombus at any level of the graft lumen: Grade I, when 
evidence of thrombosis was detectable only microscopically; 
grade II, when thrombosis created less than 25 percent of graft 
luminal narrowing; grade III, when narrowing of the lumen 
was between 25 and 75 percent; and grade IV, if narrowing of 
the lumen was over 75 percent. 

Statistical analysis: The overall incidence of thrombosis 
and the incidence of thrombosis at 3 days were analyzed using 
the chi-square test. 


Results 


Graft wall alterations: Wall damage was present 
in 49 of the 50 grafts as evidenced by a variety of histo- 
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TABLE ! 
Time of Pathologic Study of Bypass Grafts 


Time of 
Study After 
Operation 


26 Untreated 
Dogs (n) 


24 Treated 
Dogs (n) 


2 hours 
1 day 
2 days 
3 days 
7 days 
14 days 
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logic changes. Intramural hemorrhage, sometimes fc al 
(Fig. 1A) and sometimes extensive with formation of 
intramural hematomas (Fig. 1B), was present in 12 
grafts. Variable degrees of edema or acute inflammatory 
changes, or both, with polymorphonuclear infiltrate and 
edema of the media and intima were present in 22 grafts. 
Necrosis of the graft wall, localized or extensive, was 
evident in 23 grafts (Fig. 1C). These graft wall alter- 
ations appeared most often in combination, did not have 
any preferential location along the graft and occurred 
in grafts harvested as early as 2 hours after operation. 
There was no difference in the distribution or severity 
of these changes between treated and untreated grour S. 
Only 2 of the 50 grafts did not show some evidence of. 
inflammation, necrosis or hemorrhage, or a combination - 
of these findings. 4 
Untreated group (26 dogs): Seven grafts in this 
group did not show any evidence of thrombosis. Of the 
remaining 19 grafts, grade I thrombosis was found in 8, 
grade II in 3, grade III in 4 and grade IV in 5 (Table ID. - 
In 13 grafts thrombosis was mainly localized in the distal 
third of the graft, which included the coronary anasto- | 
mosis. ‘Thrombosis was localized in the proximal third, - 
which included the aortic anastomosis, in only two 
grafts and in four grafts thrombosis was diffuse or spotty 
along the lumen. Microscopic thrombus was evident 2. 
hours after operation in one graft and was severe (grad D 
IH-IV) in two grafts harvested at 1 day, in one graft at 
2 days, in three grafts at 3 days, in one graft at 7 days - 
and in one graft harvested at 14 days. Two grafts (har- _ 
vested at 1 day and 14 days, respectively) were com- 
pletely occluded (Table II). Figure 2A demonstrates — 
thrombus formation in a cross section of a graft from an 
untreated dog killed at 1 day. Figure 2B represents a 
graft from the area of distal anastomosis of an untreated — 
dog killed at 3 days. : 
Treated group (24 dogs): No evidence of thrombosis - 
was found in 14 grafts in this group. Four grafts had — 
grade I and four had grade II thrombosis. Grade II | 
thrombosis was present in one graft harvested at 7 days, - 
and one graft harvested at 3 days was completely oc- 
cluded (Table IT). The distribution of thrombosis in the - 
grafts of this group was different from that in the un- 3 
treated group in that the distal third was not the most 
frequent site of thrombus. Thrombosis was present — 
mainly in the proximal third in five grafts and was lo- - 
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-calized in the distal third in three. As with the previous 
group, evidence of thrombosis was detected as early as 
2 hours after the operation. Figures 3A and B are graft 

sections from two treated dogs. In spite of presenting 

- similar graft wall alterations, the almost complete ab- 
sence of thrombus formation in the graft sections from 

the treated dogs is apparent. 

Seventy percent of the grafts from all untreated dogs 
had thrombosis of some degree at the time the animal 
was killed. In contrast, only 37.5 percent of the grafts 
in the treated group were found to have thrombosis (p 
= 0.025). When only the animals killed at 3 days are 
considered, thrombosis of any degree was found in 70 
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percent of the untreated animals and in only 33 percent 
of the treated ones (p = 0.052). 

Role of the vein valves: In 19 grafts vein valves were 
found to remain semiclosed after being fixed under the 
conditions of flow created by the perfusion system. This 
produced an apparent decrease of lumen at the level of 
the valve (Fig. 4). Thrombotic phenomena occurred in 
the inside of the sinus of the valve in five instances: four 
in grafts from the untreated group and one in a graft 
from the treated group. Thus, thrombus had developed 
in 26 percent of the vein valves found in the semiclosed 
position. In all instances the valve leaflets appeared 
normal both macroscopically and microscopically, with 
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FIGURE 1. A, aortocoronary vein graft harvested 2 hours after implantation. The lumen (L) is at top. Multiple areas of wall focal hemorrhage are 
present (arrows). B, cross section of distal segment of aortocoronary vein graft harvested 3 days after implantation. A severe and diffuse necrotic 
process is evident in all layers. There is an area of intramural hemorrhage in the upper graft wall (arrow). A large obstructing intraluminal thrombus 
(T) is adherent to the wall. C, the area included in the box in Figure 1B is seen at higher magnification. The graft lumen is at top. Transmural edema 
and necrosis are present. Mural thrombus (T) is layered on the endothelium. (Hematoxylin-eosin X 100 [A], 7.5 [B] and 64 [C], all reduced by 40 
percent.) 
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a thin inner core of connective tissue covered with en- 
dothelium. 


Discussion 


One of the major limitations of aortocoronary bypass 
surgery with autologous saphenous vein grafts is early 
and late occlusion of the graft.9:19 There is now evidence 
that early occlusion is due to thrombosis and late oc- 
clusion to intimal proliferation.?? We8-11 have previ- 
ously demonstrated that the platelet inhibitor drugs 
aspirin and dipyridamole decrease the degree of late 
intimal thickening in dogs with vein bypass grafts. The 
data from the present study indicate that these platelet 
inhibitor drugs are also beneficial in preventing or sig- 
nificantly reducing early graft thrombus formation. 

Vein wall changes: The blood supply in the vein wall 
has been well documented.!2:13 From those data it can 
be postulated that at the time of harvesting, all layers 
of the vein wall become ischemic. Endothelium is lost 
in this process.!4 The changes seen in the wall of the 
grafts in our study could be explained on this basis and 
are similar to the findings of other authors.!4!5 
Ninety-four percent of the grafts in our study mani- 
fested inflammation, hemorrhage, necrosis of the walls 
alone or in combination. These changes were seen in 
animals killed as early as 2 hours after operation, a fact 
suggesting that injury might have occurred even before 
insertion of the vein graft. It should be noted that ex- 
treme care was taken to handle the vein graft by 
grasping only the adventitia. Furthermore, the graft, 
harvested after systemic heparinization, was not per- 
fused or distended, but placed immediately into the 
bypass position. 





FIGURE 2. Left, cross section from an aortocoronary graft of an untreated dog harvested 1 day after operation. There is a large obstructive thrombus 
(T) adherent to the graft wall (left arrow). The thrombus was not completely organized. The graft wall shows extensive necrosis and areas of adventitial — 
hemorrhage are present (right arrow). Right, sagittal section of the most distal segment of graft and distal anastomosis from an aortocoronary graft — 
of an untreated dog harvested 3 days after operation. A large organizing thrombus (T) is attached to the wall (G) and creates severe narrowing of 
the lumen (L). Arrows point to the arterial wall. (Hematoxylin-eosin X7.5 [left] and X10 [right], both reduced by 40 percent.) 
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TABLE II L 
Severity of Thrombosis and Postoperative Time 
Grade of 
Thrombosis 26 Untreated Dogs 24 Treated Dogs 
No thrombosis 7 (2h, 2h, 1d, 3d, 14 (2h, 1d, 1d, 2d, 
3d, 3d, 3d) 2d, 3d, 3d, 3d, 
3d, 3d, 3d, 3d, 
3d, 14d) 
Grade | 8 (2h, 1d, 2d, 3d, 4 (1d, 3d, 3d, 14d) 
3d, 3d, 3d, 3d) 
Grade II 3 (3d, 3d, 7d) 4 (2h, 3d, 7d, 7d) 
Grade III 4 (1d, 3d, 3d, 7d) 1 (7d) 
Grade IV 4 (1d, 2d, 3d, 14d) 1 (3d) 


d = day; h = hour. 


Role of platelet inhibitor drugs in vein throm- 
bosis: The role of platelets in arterial thrombosis has 
been well demonstrated. In its early phases it is char- - 
acterized by selective platelet utilization. Endothelial 
loss exposes subendothelial tissue to circulating blood, — 
and platelet thrombus tends to be formed at those — 
sites.^9 Both aspirin and dipyridamole alone and in 
combination have been shown to inhibit platelet ac- - 
tivity, and their protective action in the presence of - 
thrombogenic surfaces has been demonstrated in both — 
human beings and dogs.*:? However, little is known - 
about the protective effect of these drugs in autogenous _ 
vein grafts. In previous work we? demonstrated that in 
animals treated with a combination of aspirin and di- _ 
pyridamole there was a significant decrease in the ten- _ 
dency of aortocoronary autogenous vein grafts to de- j 
velop intimal thickening when they were followed up _ 
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fora period of several months. In this study the group is not significant. The number of dogs in this subgroup 
of animals treated with dipyridamole and aspirin had may have been a factor in determining significance. The 
a significantly lesser incidence of thrombosis than did incidence rate of thrombus formation in the untreated 


the untreated group (p = 0.04). Although the incidence dogs in our study was very high and appeared early after 
and severity of graft thrombosis in animals killed at 3. insertion of the graft. This finding suggested that the 
days is evidently decreased when the animals are changes that occur in the wall of the vein during or after 
- treated with dipyridamole and aspirin, the difference harvesting, or both, render it more thrombogenic. The 
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FIGURE 3. Top, cross section of aortocoronary graft from a treated dog harvested 1 day after operation. Note the severe alterations of the vein 
wall with evidence of necrosis (N). A minimal amount of mural thrombus is present (arrow). Bottom, sagittal section of the most distal segment 
of graft and distal anastomosis from an aortocoronary graft of a treated dog harvested 1 day after operation. Alterations of the graft wall were evident 
and similar to those in the untreated group. There is no thrombosis present. The black arrow indicates the arterial wall, and the white arrow the 
graft wall. L = lumen. (Hematoxylin-eosin X10 [top] and X7.5 [bottom], both reduced by 32 percent.) 
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tendency to localize the thrombus in the distal third of 
the graft may be related to the presence of the coronary 
suture line at that point and to the changes in flow 
pattern due to the luminal discrepancy at the junction 
of the graft and the artery. The predominance of 
thrombotic phenomena in the distal third of the graft 
was not present in the treated group, which may account 
for the decreased incidence of thrombosis in general in 
this group. 

The distribution of thrombosis in the untreated group 
was similar to the eccentric distribution of intimal 
thickening found in grafts harvested after longer periods 
of follow-up. As thrombus becomes organized and 
covered by neoendothelium it is often difficult to dif- 
ferentiate it from intimal proliferation and fibrosis. In 
addition, we have shown in previous studies that classic 
histologic findings of intimal thickening in long-term 
experimental models could be detected radiologically 
early after operation and changed very little from then 
on. Furthermore, this process could be inhibited by 
treating the animals with platelet inhibitor drugs. Early 
thrombi become organized and appear histologically as 
intimal thickening in later stages. 

Behavior of vein valves in the graft: An interesting 
finding in this study was the considerable number of 
vein valves that remained semiclosed in conditions of 
normal flow. This produced narrowing of the lumen of 
up to 50 percent in some cases. The histologic appear- 
ance of the valves did not differ from normal. Although 
we do not have a good explanation for this finding, at 
least two possible causes can be postulated. First, all of 
the findings may be artifactual and due to glutaral- 
dehyde fixation. Were this the case, however, we would 
have expected semiclosed valves to occur more com- 
monly than we observed (19 of 50 grafts). Furthermore, 
because the perfusion was in a direction that would 
cause the valves to open, we would have anticipated 
finding all nonthrombosed valves in the open position. 
Second, one could postulate that backflow into the 
leaflet sinus and vortex circulation at this site may 
maintain the valve semiclosed, as happens for example 
with the cusps of the aortic valve. 

Vortex circulation in the graft valves may favor 
thrombosis. In fact, 26 percent of the valves found in the 
semiopen position had thrombus formed in them. On 
two occasions thrombus spread out into the lumen of the 
vessel. The findings are relevant because the semi- 
opened valve decreases the actual lumen of the graft and 
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FIGURE 4. Cross section of aortocoronary graft processed under 
conditions of normal flow. The vein valve is in a semiclosed position 
creating narrowing of the lumen. i 


may contribute to the development of thrombosis. More i 
detailed studies are needed to clarify the behavior of — 
vein valves in grafts used as coronary arterial by- — 
passes. 
Clinical implications: Aortocoronary autogenous - 
vein bypass grafting has become the surgical procedure _ 
of choice for obstructive atherosclerotic disease of the 
coronary arteries. Early occlusion of the grafts in about — 
10 to 15 percent of cases has not decreased in spite of 
improvements in technique. Our study indicates that - 
(1) severe alterations of the vein wall occur during the — 
operation and predispose to intraluminal thrombosis, 
and (2) the drug regimen of dipyridamole and aspirin 
significantly reduces thrombosis in the grafts in dogs. — 
Our data suggest that results of coronary arterial sur- . 
gery in human beings may be improved with the use of 
antiplatelet drugs to reduce the incidence of early graft a 
occlusion. f 
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a normal dietary pattern. Serum potassium should be checked periodically, 
however, and, if pene occurs, dietary supplementation with po- 
tassium-containing foods may be adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 
CONTRAINDICATIONS 
In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia 
may complicate any of the following conditions: chronic renal failure, sys- 
temic acidosis such as diabetic acidosis, acute dehydration, extensive 
tissue breakdown as in severe burns, adrenal insufficiency, or the administra- 
tion of a potassium-sparing diuretic (eg, spironolactone, triamterene). 
Wax-matrix potassium chloride preparations have produced esophageal 
ulceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 
All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through 
the G.I. tract. In these instances, potassium supplementation should be with 
a liquid preparation. 
WARNINGS 
Hyperkalemia: In patients with impaired mechanisms for excreting po- 
tassium, administration of potassium salts can produce hyperkalemia and 
cardiac arrest. This occurs most commonly in patients given potassium 
intravenously but may also occur when given orally. Potentially fatal hyper- 


E. kalemia can develop rapidly and be asymptomatic. Use of potassium salts in 


patients with chronic renal disease, or any other condition which impairs 
potassium excretion, requires particularly careful monitoring of the serum 
potassium concentration and appropriate dosage adjustment. 
Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a po- 
tassium-sparing diuretic (eg, spironolactone or triamterene), since the simul- 
taneous administration of these agents can produce severe hyperkalemia. 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet for- 
mulated to provide a controlled rate of release of potassium chloride and thus 
to minimize the Qo of a high local concentration of potassium ion near 
the bowel wall. While the reported frequency of small-bowel lesions is much 
less with wax-matrix tablets (less than one per 100,000 patient-years) than 
with enteric-coated potassium chloride tablets (40-50 per 100,000 patient- 
years) cases associated with wax-matrix tablets have been reported both in 
foreign countries and in the United States. In addition, perhaps because the 
wax-matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding associ- 
ated with these products. The total number of gastrointestinal lesions re- 
mains less than one per 100,000 patient-years. Slow-K should be 
discontinued immediately and the possibility of bowel obstruction or perfora- 
tion considered if severe vomiting, abdominal pain, distention, or gastroin- 
testinal bleeding occurs. 
Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbo- 
nate, potassium citrate, or potassium acetate. 
PRECAUTIONS 
Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia 
in a patient with a clinical history suggesting some cause for potassium de- 
letion. In interpreting the serum potassium level, the physician should bear 
in mind that acute alkalosis per se can produce hypokalemia in the absence 
of a deficit in total body potassium, while acute acidosis per se can increase 
the serum potassium concentration into the normal range even in the pres- 
ence of a reduced total body potassium. Treatment of potassium depletion, 
particularly in presence of cardiac disease, renal disease, or acidosis, 
requires careful attention to acid-base balance and appropriate monitoring 
of serum electrolytes, electrocardiogram, and clinical status of patient. 
ADVERSE REACTIONS 
Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the 
dose with meals, or reducing the dose. i 
One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients. Skin 
rash has been reported rarely. 
DOSAGE AND ADMINISTRATION 
Usual dietary intake of potassium by the average adult is 40 to 80 mEq per 
day. Potassium depletion sufficient to cause hypokalemia usually requires 
loss of 200 or more mEq of potassium from the total body store. 
Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia 
to 40-100 mEq per day or more for treatment of potassium depletion. 
Note: Slow-K slow-release tablets must be swallowed whole and never 
crushed or chewed. 
HOW SUPPLIED 
Tablets (pale orange, sugar-coated), each containing 600 mg (8 mEq) po- 
tassium chloride; bottles of 100, 1000 and Accu-Pak® blister units of 100. 
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NOW AT YOUR FINGERTIPS. ... | ` 


the knowledge of world-renowned specialists to help 

you understand, diagnose, and manage infections 

which strike patients with: 

Diabetes / Alcoholism / Cancer / Drug Addiction / 
Rheumatic Disease / Uremia / Pulmonary Disease / j 
Hepatic Insufficiency / Allograft Transplantation, etc. 
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IN THE ABNORMAL HOST INF NORMAL 


Edited by Michael H. Grieco, M.D. 
Text by 47 Specialists. Illustrated with 147 
Drawings and Photos, 78 in Full Color 






infections in the Abnormal Host discusses 
in 36 revealing chapters the mechanics 
of host defenses . . . the various under- 
lying disorders and the latest treatments 
by chemotherapy, management of agran- 
ulocytosis, immunological reconstitution, 
passive and active immunotherapy, and 
immunostimulation. 


Consultation and study of Infections will help you understand, 
diagnose, and manage the many infections which strike patients 
whose defense mechanisms are down. 2 


Check this list of chapters 
PART! HOST DEFENSES 


e Introduction to the Abnormal Host and Complicating Infections * The 
Neutrophil in Host Defense: Congenital, Acquired and Drug-induced Ab- 
normalities « The Complement System in Human Disease * Structure and 
Function of Immunoglobulins « Human Lymphocyte Subpopulations: 
Surface, Intracellular, Enzymatic Markers and Functions * Congenital 
and Acquired Primary Disorders of B and T Lymphocyte Function * Drug- 
induced B and T Lymphocyte and Monocyte Dysfunction * Cutaneous, 
Pulmonary, Gastrointestinal and Genitourinary Defense Mechanisms and 
Relationship to Nosocomial Infections * The Effects of Malnutrition on 
Host Responses and the Metabolic Sequelae of Infections + Humoral and 
Cellular Responses to Infection 


PART II INFECTIONS ASSOCIATED WITH THE ABNORMAL HOST 


e Pyogenic Bacterial Infections * Higher Bacterial and Fungal Infections « 
Mycobacterial Infecticns * Viral and Chlamydial Infections * Protozoal 
and Helminthic Infections « Infections Complicating the Transfusion of 
Blood, Blood Products, Animal Exposure and Animal Products « Infec- 
tions Complicating the Alcoholic Host » Infections in Parenteral Narcotic 
and Drug Abusers « Infections Complicating Uremia and Organ Trans- 
plantation « Infections in Patients with Neoplastic Diseases * Infections 
Complicating Diabetes Mellitus * Diagnosis and Treatment of Diffuse 
Pneumonias « Host Deficiency States and Central Nervous System Infec- 
tions * Genitourinary Infections » Infections Complicating the Rheumatic 
Diseases * Endovascular and Prosthetic Implant Infections » Intraocular 
Manifestations of Systemic Infections * Selected Histopathologic Respon- 
ses » The Microbiology Laboratory in Diagnosis and Therapy « Infections 
Complicating Surgical or Functional Splenectomy and Gastrectomy 


PART Il! MANAGEMENT 


*« Antimicrobial Therapy in the Compromised Host: Resistance, Pharma- 
cology and Toxicity « Chemotherapy for Viral and Chlamydial Infections * 
Chemotherapy for Protozoal and Helminthic Infections * Infection Preven- 
tion in Patients with Cancer and Granulocytopenia « Immunologic Re- 
constitution « Gamma Globulin and Vaccine Therapy * Index 
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IN 1958 WE WERE WAY 
AHEAD OF THE COMPETITION 
H THE ONLY 


IMPLANTABLE PACEMAKER... 








The first functinmino hacemaker that aiie mhlanted in aA human hoima 











A ODAY IHE 
DIFFERENCE IS LESS 
OBVIOUS, BUT JUST AS 

— IMPORTANT. 







l SIEMENS-ELEMA 

l MULTI- 

| PROGRAMMABLE 
PULSE 


ENERATOR 
S 1168 00018 


MADE IN SWEDEN 


The qualities of the multiprogrammable unit 668 make it truly universal in clinical use. 
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THE RATIONAL CHOICE 


t FOR LONG-TERM PACING. 
1HE 668 AND THE NEW 
CARBON TIP LEADS? 


The latest pacemaker system from Siemens- 
Elema, consisting of the multi-programm- 
able pulse generator unit 668 in combi- 
nation with the carbon tip lead, has several 
very significant advantages. 

Carbon tip leads offer greater possibilities 

for low stimulation thresholds, for two 

reasons. 














* Carbon 
Tip Lead 
submission 
pending 
FDA approval. 
One is the considerably lower polariz- 
ation voltages compared with conventional 
metal tip leads. The other is the reduction 
in local tissue reaction, verified in in-vivo 
tests. 
à 








The clinical benefit of low stimulation 
hresholds offers conditions highly favour- 
ble for lowering the output energy of the 
68 without loss of safety margin with 
egard to cardiac threshold. 

With the aid of the unique Vario? 
ystem, provision is made for non-invasive 


SU? id S85 —2-—. 


threshold checks and, for example, easy 
safety controls after medication. 


CHRONIC VENTRICULAR 
PACING THRESHOLDS 

WITH CARBON TIP LEAD (588 SC) 

6 MONTHS POST IMPLANT 

93 PATIENTS. 

Threshold measured with the non-invasive 
Vario" system. 
(Ref. Dr H. Schüller, University Hospital, 
Lund, Sweden.) 









Percentage 
distribution 


40 





l 2 2.5 3 Volts 


With 2.5 V output, a safety margin of at least 100% is 
obtained for approx. 8896 of the above population. 
The estimated service life of the 668 is 11 years at 5 V 
and 30 years at 2.5 V output. 


The 412S has proved to be most suitable 


for use in the right auricle because of the 
secure anchorage provided by the flexible 
tines. 


Siemens-Elema is a subsidiary of Siemens 


AG, the world's largest manufacturer of 
electro-medical equipment, and thus has 
access to considerable resources and know- 












how. 
MULTI- e 
PROGRAMMABLE S 
SE ^1 gs. 
GENERATOR 668 3 
S 1168 00018 
MADE N SWEDEN 3 
Siemens-Elema has an outstanding 


reliability record, achieved by modern 
quality control methods and skilled, 
quality-conscious personnel. 


WE WERE THE FIRST. WE STILL ARE. 
SIEMENS-ELEMA 


ns-Elema Pacemaker Systems, Div. of Elema-Schonander, Inc. 1765 Commerce Dr., Elk Grove Village, IL 60007; (312) 981-4910 
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NOW AVAILABLE 


From Siemens-Elema: 


D 


PACEMAKER ze. 
a clinical approach 





A basic resource. Typical EKG findings in pacemaker EKG in- 
terpretation presented with necessary clinical information, case 
reports and drawings. Actual-size EKG illustrations derived from 
clinical practice. (Special ruler included.) The price is $35.00. 
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Illustration No. 40, 
"Different Pacemaker Types 
and Functions," page 64. 


lliustration No. 50, 
"Complications," page 96. 


CONTENTS 

1. Pacemaker Impulse and QRS 4. Complications 
Complex General 

2. Different Pacemaker Types and Unstable lead position 
Functions Lead tip dislocation 


Threshold increase—Exit block 
Defective synchronizing 

Lead insulation defects 

Lead breakage 

Technical faults in the pulse 


The fixed-rate pacemaker 

The ventricular-inhibited 
pacemaker 

Magnet test 

The ventricular-triggered 


pacemaker generator 
The atrial-triggered pacemaker Electrical interference 
The atrial-inhibited pacemaker 5. Diagnostic Problems 
The Vario? pacemaker— non- 6. Identification Code and indexes 


invasive threshold measurement 
3. Battery Depletion and Criteria 
for Pulse Generator 
Replacement 


Identification code for pulse 
generators 

Index of EKG illustrations 

Subject index 


SIEMENS-ELEMA 


Siemens-Elema Pacemaker Systems, 
Division of Elema-Schonander, Inc. 
1765 Commerce Dr., EIk Grove Village, IL 60007; (312) 981-4910 


World Headquarters, Pacemaker Division, S-171 95 Solna, Sweden 81214 


Brings you up-to-date 
on basic research 
and clinical progress fim 






294njie4 HPH oArnsostuo») 


448 PAGES, 250 ILLUS./1976 


Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 


This rare treatment of such a multifaceted subject provides an unusua 
portunity for the busy clinician to add to his knowledge in a mini 
amount of time. Any area of immediate interest can be rapidly locatec 
as much data as needed can be quickly extracted. The concentratio 
improved clinical management will be appreciated by every internist, « 
iologist, generalist, and any professional involved in cardiovas 
medicine. 


Dean Mason, President of the American College of Cardiology, ha 
ganized this monograph within the three areas relevant to an understar 
of congestive heart failure: mechanisms, evaluation and treatment. Fift 
recognized authorities have been assembled by Dr. Mason, each cor 
uting their expertise to make this book the foremost text covering the h 
important and common disorders of abnormal heart function. 


This presentation of recent advances in basic research and clii 
progress has been highly acclaimed for its major contribution to the 
provement of patient care. We invite you to see if you don't agree. C 
and take 30 days to look over the book. If you're not totally satisfied, r« 
it. 


About the author... Dean T. Mason, M.D. 

Professor of Medicine, Professor Physiology, Chief of Cardiovascular Med 
University of California, School of Medicine, Davis. 

President, American College of Cardiology; President, Western Society for CI 
Research. 

Member of the American Board of Internal Medicine Cardiovascular Diseases. 
Has authored more than 400 original articles on cardiovascular science and cl 
cardiology. 


Serves on the editorial boards of The American Journal of Cardiology, The Jour! 
Clinical Investigation, Circulation, Chest, Clinical Pharmacology and Therapet 
Catheterization and Cardiovascular Diagnosis, and Heart and Lung. 

Recipient of Experimental Therapeutics Award in 1973 from the American Soci 
Pharmacology and Experimental Therapeutics, the Research Awards in 1965 
the American Therapeutic Society, and the Theodore and Susan B. Cumn 
Humanitarian Awards in 1972, 1973, and 1975 from the U.S. State Departmen 
the American College of Cardiology. 
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metoprolol tartrate 


Over 
a million 
patient-years 


in the US. 
alone’ 


Lopressor” 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, hear block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive hear failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a diuretic 
and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be notec, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 
Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 


agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function 


Drug Interactions: Catecholamine-depleting 
drugs (e.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- - 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women 
Lopressor should be used in pregnant women only 
when clearly needed. 


Nursing Mothers: It is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 


Usage in Children: Safety and effectiveness in 
children have not been established. 


Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type; palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ngs. 


Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience 


Potential Adverse Effects: |^ addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 


Miscellaneous: Reversible alopecia. 


Ciinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
Satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lcpressor is increased. 


This drug should be stored at controlled room tem- 
perature and protected from moisture. 


How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, light-resistant container (USP). 
C79-22 (8/79) 


For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information. 
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METHODS 
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Transvenous Intracardiac Echocardiography 


EPHRAIM GLASSMAN, MD, FACC A specially designed ultrasonic transducer, 0.2 mm in length and 0.75 mm 
ITZHAK KRONZON, MD in diameter, operating at 7.5 megahertz and mounted on a thin flexible 
Ries Yak Now Vor coaxial cable was advanced to the distal tip of a right heart or transseptal 

catheter in 20 patients during cardiac catheterization. Left atrial, aortic 
root and right atrial cavity size, pulmonary arterial diameter at various 
sites, right ventricular wall thickness and the width of a pericardial effusion 
were demonstrated. Tricuspid, pulmonary, and aortic valves were seen 
and their motion displayed. With the transducer positioned at the tip of 
a transseptal needle it could be recognized when it made contact with 
the interatrial septum. Puncture into the left atrium, avoiding such struc- 
tures as the aorta, was facilitated in this fashion. No complications were 
encountered in any patient. Intracardiac echocardiography appears to 
be a safe, valuable adjunct to both conventional echocardiography and 
cardiac catheterization. Furthermore, recordings of structures that may 
be difficult or impossible to obtain with routine external echocardiography 
may be made possible. 


The introduction of echocardiography as a clinical, diagnostic and in- 
vestigative technique has resulted in its widespread application.! In 
certain instances the ability to obtain adequate recordings is limited by 
chest wall deformity, obesity, pulmonary disease or bandages overlying 
the chest wall in postoperative patients. Insertion of an echocardio- 
graphic transducer into the cardiac chambers through a previously 
placed cardiac catheter offers the possibility of overcoming these ob- 
stacles to obtaining adequate recordings. Furthermore, the technique 
might permit visualization and measurement of all cardiac chambers, 
including the right atrium, right ventricle and great vessels such as the 
pulmonary artery, aorta and venae cavae, as well as of the thickness of 
septa and walls. As another goal, increased safety of transseptal cardiac 
catheterization might be achieved with this method. 


Methods 


The transducer: An M mode echocardiographic transducer was fabricated 
that was capable of passing through an 8F cardiac catheter or a 17 gauge trans- 
septal needle. Disc-shaped crystals of lead metaniobate or lead zirconate titanate 
with a diameter of 0.5 to 0.75 mm and a thickness of 0.2 mm were utilized (Fig. 
1). The transducer capacitance values ranged between 20 and 60 picofarads. The 
transducer was mounted on a gold coaxial cable, 125 cm long and 1 mm in di- 
ameter, which terminated in a miniature microdot connector. The entire cable 
and connector has a capacitance of 100 picofarads. Ethylene oxide gas steril- 
ization is utilized. When an excitatory current is applied to the crystal, ultrasonic 
beams are emitted from the flat surface. With the disc mounted on the cable (Fig. 
2), the beams exit from the two flat faces of the disc in a pattern that is termed 
the radial mode. When a backing was placed on one side of the disc, suppressing 

From the Department of Medicine, New York emission in one direction, a unidirectional beam was created. Mounting of the 
University Medical Center, New York, New York. disc at 90? from the previously described orientation results in a beam that 
Manuscript received November 3, 1980; revised emerges parallel to the long axis of the wire, in a compressional mode (Fig. 2). 


joie I A €T, SUO TL DONE Recordings: During studies performed in 20 patients undergoing routine 


Address for reprints: Itzhak Kronzon, MD, diagnostic right heart catheterization, the transducer was inserted to the tip of 
Non-Invasive Cardiology Laboratory, New York the catheter, which was subsequently positioned in various chambers. Echo- 
University Medical Center, 560 First Avenue, New cardiographic recordings were obtained using either an Ekoline 20A or a Picker 
York, New York 10016. 80C Echoview machine at frequencies of 5 to 7.5 megahertz. The transducer was 
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FIGURE 1 (top). Left, the transducer attached to a coaxial cable, which terminates in a 
standard, microdot connector. Right, closeup view of the transducer. 


FIGURE 2 (left). Illustration of the four modes of exit of an ultrasonic beam from a transducer. 
See text for details. 


FIGURE 3 (bottom left). Continuous recording obtained utilizing a radial type transducer 
which demonstrates the inferior vena cava (IVC) and right atrium (RA). The dimensions of 
the chambers are equal to the sums of the distances of each wall from the transducer. A 
= transducer baseline; B = proximal wall; C = distal wall. Chamber internal dimension = 
AB + AC. 





FIGURE 4 (bottom right). Intracardiac recording of the tricuspid valve. 
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FIGURE 5. Recording obtained 
using a compressional transducer 
in a transseptal needle positioned 
against the interatrial septum. As 
the needle is moved from superior 
to inferior sites, the aorta (AO) and 
left atrium (LA) are consecutively 
visualized. The sudden loss of the 
aortic contour and simultaneous 
appearance of the left atrium occur 
as the needle tip enters the fossa 
ovalis. This loss is helpful in posi- 
tioning the needle for septal punc- 
ture. 


interfaced to the recorder with a standard connector; no 
special modification was required. 


Results 


Venae cavae and right atrium: With use of a radial 
transducer positioned at the tip of an 8F cardiac cath- 
eter, measurement of the inferior vena cava diameter 
was possible (Fig. 3). Because the beam exits in two di- 
rections, 180? opposite to each other, the distance from 
the transducer to two diametrically opposed walls is 
obtained. The sum of these two distances is equal to the 
diameter of the vessel. As the catheter was advanced 
into the cavity of the right atrium an increase in internal 
. dimension was noted. By manipulating the transducer 
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FIGURE 6. Unidirectional recording demonstrating right ventricular free 
wall thickness. 





toward the tricuspid valve a characteristic recording of 
this structure can be obtained (Fig. 4). 

Transseptal catheterization: Correct positioning 
of the needle prior to interatrial septal puncture in the 
technique of transseptal left heart catheterization is 
facilitated when the position of the fossa ovalis can be 
demonstrated on fluoroscopy. At times this is rendered 
difficult by enlargement of the right atrium, and in some 
cases hemopericardium has resulted from inadvertent 
puncture of the aorta through the medial wall of the 
right atrium. The possibility of increasing the safety of 
this procedure using the intracardiac echogram was 
explored in 10 patients. Figure 5 was obtained with the 
transducer placed at the tip of a transseptal needle 
positioned relatively high in the right atrium and di- 
rected medially and posteriorly. The echocardiographic 
beam outlines the aorta. As the needle is withdrawn 
inferiorly the aortic cavity is replaced by that of the left 
atrium. Puncture of the septum at this point will permit 
passage of the catheter into the left atrium and avoid- 
ance of the aorta. In each of the 10 patients studied 
septal puncture at the site indicated by combined flu- 
oroscopic observation and echocardiographic localiza- 
tion yielded a satisfactory result. 

Right ventricle: With the catheter positioned in the 
right ventricle and unidirectional probe at its tip the 
thickness of the right ventricular wall can be determined 
(Fig. 6). In systole, the endocardial surface moves 
toward the catheter tip as expected. 

Left ventricle: Manipulation of the catheter so that 
the tip is positioned against the interventricular septum 
results in the echographic beam traversing the septum, 
the cavity of the left ventricle, the left ventricular pos- 
terior wall and the pericardium. Deflection of these 
echoes back to the transducer allows measurement of 
septal thickness, left ventricular internal dimension, 
posterior wall thickness and an assessment of left ven- 
tricular contraction (Fig. 7). 
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FIGURE 7. Recording of the left ventricle (LV) obtained with a unidi- 
rectional transducer positioned in the right ventricular outflow tract. PW 
— posterior wall of the left ventricle. 


Aortic valve: As the catheter is advanced into the 
right ventricular outflow tract and pointed in the di- 
rection of the aorta, a picture of the aortic valve within 
the aorta is obtained (Fig. 8). 

Pericardial effusion: One patient with pericardial 
effusion was studied using a unidirectional transducer 
positioned in the right atrium. Figure 9 demonstrates 
the right atrial free wall and the pericardium external 
to it. The clear space between these two structures 
represents the pericardial effusion. 


Discussion 


'The results of this investigation demonstrate the 
feasibility of performing intracardiac echocardiography. 
This technique, which takes advantage of features of 
both echocardiography and cardiac catheterization, 
seems to offer promise for obtaining echocardiographic 
results in patients in whom routine external echocar- 
diography is difficult or impossible. A transducer po- 
sitioned in the esophageal lumen has been used in 
similar circumstances.” This technique is not proposed 
as a primary method but one that would be used in 
conjunction with cardiac catheterization being per- 
formed for established reasons. Measurement of 
chamber size, wall thickness and valve motion would 
appear to be facilitated in such patients. The possible 


FIGURE 8. Aortic root and aortic valve visualized by a unidirectional 
transducer positioned in the right ventricular outflow tract. 
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FIGURE 9. Pericardial effusion (PE) seen utilizing a unidirectional 
transducer positioned in the right atrium. A — atrial wall; P — pericar- 
dium. 
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enhancement of the safety of transseptal left heart 
catheterization by this method is a feature of interest 
and further investigation of this possibility appears to 
be warranted. Conetta et al.? previously reported their 
use of a larger echocardiographic transducer perma- 
nently mounted on a 9F catheter. Using this device they 
were able to obtain records, primarily of left heart 
structures, in 10 patients. The present method, which 
utilizes a transducer capable of passage through routine 
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cardiac catheters without the insertion of a special de- 
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vice, seems to offer the advantage of increased flexibility i 


of application. 
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. Subcostal Echocardiography to Determine Right Ventricular 
| Pacing Catheter Position and Control Advancement of 
_ Electrode Catheters in Intracardiac Electrophysiologic Studies 


M Mode and Two Dimensional Studies 


To assess the value of subcostal echocardiography in determining the 
position of a right ventricular pacing catheter, M mode and two dimen- 
sional echocardiography was performed from four different locations in 
30 patients. Subcostal M mode echocardiography had a higher detection 
rate of the pacing catheter than did the precordial M mode examination. 
However, with M mode echocardiography it was not possible to determine 
the position of the pacing catheter from any of the locations. The subcostal 
two dimensional echocardiography demonstrated the full length of the 
pacing catheter in the right heart chambers and its anatomic position in 
all patients and proved superior to the precordial approach. This technique 
allowed the detection of complications related to pacing catheters. A 
pacing catheter ejected from the ventricular cavity was found in the in- 
ferior vena cava. Perforation of the ventricular septum with a bipolar 
electrode for temporary pacing was also diagnosed. 

Subcostal two dimensional echocardiography was used in 20 patients 
as an additional technique for controlling the advancement of electrode 
catheters in right heart intracardiac electrophysiologic studies. The 
electrode catheters were successfully positioned at all routine sites in 
all patients except one. Thus, subcostal two dimensional echocardiog- 
raphy has advantages over fluoroscopy in the determination of pacing 
catheter position and in controlling the advancement of electrode cath- 
eters in intracardiac electrophysiologic studies. 


Right ventricular pacing catheters can be identified with both M mode 
and two dimensional echocardiographic techniques but their location 
can be determined only with two dimensional echocardiography.!-4 
Reeves et al.* used the precordial transducer approach. However, de- 
finitive studies of right ventricular pacing catheters have not been per- 
formed with subcostal M mode and two dimensional echocardiog- 
raphy. 

'The purpose of this investigation was to ascertain the value of sub- 
costal echocardiography in determining the location of the right ven- 
tricular pacing catheter and to compare the results with those obtained 
by precordial echographic examination. The possibility of applying two 
dimensional echocardiography during the advancement of electrode 
catheters in intracardiac electrophysiologic studies was also explored. 


Methods 


Studies in patients with a pacemaker: M mode and two dimensional 
echocardiographic examinations were performed in 30 patients with a permanent 
transvenous pacemaker catheter positioned at the right ventricular apex. 
Pacemaker catheter position was verified with fluoroscopy and electrocardiog- 
raphy in all patients. 
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Routine M mode echocardiographic examinations were 
made from the subcostal, parasternal and right parasternal 
locations while the patients were in the supine, left lateral and 
right lateral decubitus positions. The M mode tracings were 
obtained with an Ekoline 20A ultrasonoscope interfaced with 
a strip chart recorder. Paper speed was 5 cm/s. 

Two dimensional echocardiograms were recorded from 
subcostal, parasternal, apical and supraclavicular locations. 
Subcostal and apical four chamber views and the parasternal 
long-axis view were used.” To obtain the long axis of the 
superior vena cava, the transducer was placed on the supra- 
clavicular fossa. Two dimensional echocardiograms were ob- 
tained with a Varian Associates 80° phased array sector 
scanner and a 2.25 megahertz transducer. All examinations 
were recorded on video tape for later analysis. 

Studies during advancement of electrophysiologic 
pacemakers: In another 20 patients, two dimensional sub- 
costal examinations were performed to control the advance- 
ment of electrode catheters during right heart intracardiac 
electrophysiologic studies. The long axis inferior vena cava 
view was utilized for advancing electrode catheters in the right 
atrial cavity and for positioning them in the lower right atri- 
um. Electrodes were positioned at the His bundle, high right 
atrium, high and low atrial septal sites and in the right ven- 
tricular cavity using the four chamber view and short axis view 
at the level of the right ventricular outflow tract. To assess the 
sensitivity of this method of control, electrode catheters were 
positioned in all patients at all these sites. 


Results 
M Mode Study 


Right ventricular pacing catheters were identified as 
intense double linear echoes, frequently with rever- 
berations. The echocardiographic motion pattern of a 
catheter depends on the angulation of the transducer, 
but generally it resembles the motions of adjacent 
structures (Fig. 1) and therefore differs in various por- 
tions of the right heart chambers. Because the catheter 
can most frequently and easily be detected in the region 
of the tricuspid valve, its motion is usually visualized 
as a slowed tricuspid valve motion. 

The catheter was detected in 29 patients from the 
subcostal location, in 13 patients from the parasternal 
location and in 20 patients from the right parasternal 
location. Only parts of the catheter could be visualized 
in the right atrium, in the region of the tricuspid valve 
and in the right ventricle. It was not possible to record 
the catheter in its full length or to determine its position 
from either the subcostal or any other transducer lo- 
cation in any patient. 

Catheter echoes often mimic various normal and 
abnormal right heart structurest— the tricuspid valve 
(Fig. 2a), right atrial myxoma (Fig. 2b), tricuspid valve 
vegetation (Fig. 2c), the anterior right ventricular wall 
(Fig. 2d) and asymmetric septal hypertrophy (Fig. 2e). 
Table I indicates that these examples were most fre- 
quently found at the subcostal examination, which re- 
quires more caution in interpreting these echocardio- 
grams. 


Two Dimensional Studies 


Permanent pacing catheters: The right ventricular 
pacing catheter is identified as an intense linear echo. 
In all of the patients examined from the subcostal lo- 
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FIGURE 1. Right parasternal M mode echocardiogram. Right ventricular 


pacing catheter (PC) presents as double linear echoes in the right atrial — 


cavity. The motion pattern of the pacing catheter is similar to that of 
adjacent structures. AS = atrial septum; LA = left atrium; PC = right 


ventricular pacing catheter; RA — right atrium; RAW — right atrial 3 


wall. 


cation, we succeeded in visualizing the full length of the 
pacing catheter in the right heart from the entrance into 


the right atrial chamber, through the tricuspid valve and - 


right ventricular cavity up to the apex (Fig. 3). 

Furthermore, subcostal two dimensional echocardi- 
ography proved useful in detecting complications re- 
lated to the presence of the right ventricular pacing 
catheter. A catheter ejected from the right ventricular 
cavity was found in the inferior vena cava (Fig. 4a), a 
finding also demonstrated in the M mode examination 
(Fig. 4b). Perforation of the intraventricular septum by 
a bipolar electrode for temporary pacing was diagnosed 
in one patient. An electrode passing from the right 
ventricle through the intraventricular septum into the 
left ventricular apex can be seen in Figure 5. The elec- 
trocardiogram showed a complete right bundle branch 
block pattern. Under the control of subcostal two di- 
mensional recording, the electrode was removed from 
the left ventricular cavity and its tip was positioned in 
the region of the right ventricular apex. 

When the parasternal location was used, only the tip 
of the right ventricular pacing catheter was recorded in 
15 of 30 patients. The pacing catheter was detected from 


TABLE | 


M Mode Echocardiographic Study: Right Heart Structures 
Mimicked by Pacing Catheter Echoes in 30 Patients 


Site 
Right 
Subcostal Parasternal Parasternal 

Tricuspid valve 9 1 6 
Right atrial myxoma 7 s 5 
Tricuspid valve vegetation 3 "ue 
Right ventricular wall 3 
Asymmetric septal hypertrophy 1 
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FIGURE 2. a, parasternal M mode echocardiogram. Right ventricular pacing catheter (PC) in region of tricuspid valve mimics tricuspid valve motion. 
b, right parasternal M mode echocardiogram. Right ventricular pacing catheter in the right ventricular cavity with multiple diastolic reverberations 
behind it, which mimic right atrial myxoma. c, subcostal M mode echocardiogram. Multilayered systolic reverberations behind the ventricular portions 
of the pacing catheter mimic a huge prolapsing tricuspid valve (TV) vegetation in the right atrium. d, subcostal M mode echocardiogram. Right ventricular 
pacing catheter in the right atrial cavity simulating right ventricular wall motion. e, subcostal M mode echocardiogram. Right ventricular pacing 
catheter in the right ventricular cavity with reverberations behind simulates asymmetric septal hypertrophy. Ao = aorta; LV = left ventricle; PC 
= pacing catheter; PW = left ventricular posterior wall; R = reverberations; RA = right atrium; RVW = right ventricular wall; VS = ventricular 
septum. » 
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FIGURE 3. Subcostal two dimensional echocardiograms. a, right ventricular pacing catheter (PC) presents as an intense linear echo passing through 
the right atrial (RA) cavity and tricuspid valve (TV) entering the right ventricular (RV) cavity. b, the pacing catheter passing through the right ventricular 
cavity up to the apex. LA = left atrium; LV = left ventricle; VS = ventricular septum. 
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FIGURE 4. a, subcostal two dimensional echocardiogram. Right ventricular pacing catheter (PC) in the inferior vena cava (IVC). b, subcostal M 
mode echocardiogram of pacing catheter in inferior vena cava. L = liver; RA = right atrium. 





FIGURE 5. Subcostal two dimensional echocardiogram. a, bipolar electrode (E) for temporary pacing passing from the right ventricular (RV) cavity 


through the ventricular septum (VS) into the left ventricular (LV) apex. b, apical four chamber view. Ventricular septum perforation by a bipolar 
electrode. LA = left atrium; RA = right atrium. 
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FIGURE 6. Two dimensional echocardiogram with transducer in right 
supraclavicular fossa. Right ventricular pacing catheter (PC) in superior 
vena cava (SVC). 
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FIGURE 7. Subcostal two dimensional echocardiograms. a, quadripolar 
electrode (EH) catheter passing through the inferior vena cava (IVC) 
and the right atrial (RA) cavity up to the His bundle recording site. b, two 
electrode catheters crossing in the right atrial cavity. The quadripolar 
electrode is at the His bundle (region of the septal leaflet of tricuspid 
valve [TV]) and the bipolar electrode (EA) at the high atrial position. 
c, the quadripolar electrode catheter at the His position and the bipolar 
electrode at the high atrial septal (AS) position. LA = left atrium; LV = 
left ventricle; RV = right ventricle. 
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the apical location in 12 of 30 patients, the tip only in 
4 and the full length in another 4 patients. By posi- 
tioning the transducer in the supraclavicular fossa, the 
pacing catheter was identified in the superior vena cava 
in 15 patients (Fig. 6). This location is important for 
detecting thrombosis and catheter lead fracture. 
Thrombi in the right heart chambers and tricuspid valve 
vegetation or thickening were not observed in any pa- 
tient. 

Positioning of catheters for electrophysiologic 
studies: On the basis of these encouraging results, 20 
patients were examined by subcostal two-dimensional 
echocardiography to control the advancement of elec- 
trode catheters in right heart electrophysiologic studies. 
After the electrode catheters were percutaneously in- 
troduced into the femoral vein and advanced to the 
hepatic portion of the inferior vena cava, they were 
echocardiographically guided to the right heart cham- 
bers. An occasional loop formation by the electrode 
catheter during advancement was observed and cor- 
rected. In all patients electrodes were positioned for a 
short time at all the previously mentioned sites (Fig. 7).8 
One exception was a patient with extensive scar tissue 
from epigastric surgery, which caused difficulties in 
positioning the transducer. It was not possible to posi- 
tion the electrode catheter at either the high right 
atrium or at the high atrial septum. 


Discussion 


Limitations of M mode echocardiogram: The 
subcostal M mode examination, in comparison with the 
precordial examination, has a greater potential for de- 
tecting right ventricular pacing catheters. The echo- 
cardiographic catheter motion pattern resembles that 
of adjacent heart structures but it is also influenced by 
transducer angulation. The pacing catheter can only 
partially be seen in the right atrium, in the tricuspid 
valve region and right ventricle. It is not possible to scan 
the catheter in its entire length or to determine its tip 
position from either location with the M mode tech- 
nique. Pacing catheter echoes may resemble those of 
various right heart structures that most frequently 
appear during the subcostal examination. It is essential 
to recognize pacing catheter echo patterns to avoid er- 
rors in echocardiographic interpretation. 

Advantages of subcostal two dimensional echo- 
cardiogram: During the two dimensional echocardio- 
graphic examination, the pacing catheter presents as an 
intense linear echo with occasional reverberations be- 
hind it. With subcostal two dimensional echocardiog- 
raphy, it was possible to present the entire pacing 
catheter length in the right heart chambers and to de- 
termine its precise location. The catheter tip was 
identified with the precordial examination in fewer 
patients. The subcostal examination also proved reliable 
in detecting dislocation of the catheter. These results 
suggest that subcostal two dimensional echocardiog- 
raphy has an advantage over the precordial examination 
in locating the right ventricular pacing catheter and that 
it is superior to fluoroscopy because it presents the exact 
anatomic location of the entire catheter in the right side 
of the heart. A potential advantage is that some'of the 
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complications associated with the presence of the right 
ventricular catheter (small pericardial effusion caused 
by the right ventricular wall perforation, thrombus 
formation, tricuspid valve vegetation) can be ascer- 
tained. 

Subcostal two dimensional echocardiography also 
proved useful in controlling the advancement of elec- 
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trode catheters for right heart electrophysiologic | 


studies. It appears to have an advantage over fluoros- 
copy because of the absence of irradiation and because 


visualization of the anatomic field shortens the time - 


needed for electrode positioning, especially at the His 
bundle site. This investigation is continuing to provide 
further experience. 
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. white bond paper; (2) in duplicate; (3) on one 
- side of each sheet only; (4) double-space; (5) 
leave wide margins, all four sides. 





e Include first names, degrees and, where 

applicable, FACC for all authors. 

e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address of in- 
. stitution from which work originated plus in- 
. formation about grants. 

e Add at bottom the phrase ''Address for re- 

prints: . . .” followed by full name and address 

with zip code. 


| 
THE TITLE PAGE 
| 
| 


. THE ABSTRACT 


e Limit words as follows: 100 to 250 words for 
major articles; 50 to 100 words for case re- 
ports. 

e Add at end of abstract: list of 2 to 6 key 
words and subjects for indexing. 





. THE TEXT 


. * Type in duplicate; double-space. 

e Do not use abbreviations such as SVC, 

. WPW: write out superior vena cava, Wolff- 

. Parkinson-White. 
e Abbreviate measurements (mm, kcal and 
the like) as recommended in Uniform Re- 
quirements for Manuscripts Submitted to 
Biomedical Journals, published in Am Rev 
Respir Dis 1979; 119:3-10; Ann Intern Med 
1979; 90:95-9; Br Med J 1979; 1:532-5; and 
Lancet 1979:1:428-30. 
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are followed: 


e Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


* Type in duplicate; double-space. 

e Number the references in order in which 
they are mentioned in text. 

e Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. Indicate all abstracts 
by the abbreviation (abstr). 

e Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman nu- 
merals: Table |, Il, etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. 

e Provide a footnote to each table—identi- 
fying in alphabetical order all abbreviations 
used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) of each 
photo and drawing. 

e Please note that art work of published arti- 
cles will not be returned. 

e Use black ink for all charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

e Use arrows to designate special features. 
e Crop photomicrographs to show only es- 
sential field. 

e Identify figures on back by number and au- 
thor's name. 

e Number figures in order in which they are 
mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from publisher 
and author to reproduce any previously pub- 
lished figures. 

e Limit figures to number necessary for clar- 
ity. The publisher allows a limited sum toward 
reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors (if there are 7 or more, list 


only 3 and add et al.): 


31. Vismara LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 1977; 39:1027-34. 


(Author: please note that no periods are used after authors initials) 


For chapter in book: 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss AJ, 
Adams F, eds. Heart Disease in Infants. Children and Adolescents. Baltimore: Williams & 


Wilkins, 1968:134-9. 


For books (personal author or authors): 


36. Berne E. Principles of Group Treatment. New York: Oxford University Press, 1966:26. 


(Author: all book references should have specific page numbers.) 
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He might be 
running 


for his life 


Whether he's in a cardiac conditioning, diagnostic or rehabilitation program, your patient deserves the best ir 
exercise equipment. At Collins, we've been making the best for sixty years. From our first treadmill to our newes 
Pedalmate ergometer, each product has been developed to meet the Collins standard of excellence — innovative 
design, durable construction and easy operation. 


The result has been a continuing tradition of superior instruments that reflect not only the latest technology, but ¢ 
concern for patient comfort and safety as well. Each treadmill features handrails, a large usable walking area and ¢ 
new fiberglass fabric-coated surface under the belt to minimize friction and wear. Our four treadmills offer speec 
ranges up to 16 mph and electric lift from 0-4096. For precise manual or automatic heart rate control capabilities 
the Pedalmate combines the convenience of an exercise bicycle with the choice of either a 25-200 or 50-400 wat 
brake unit. 


High quality plus performance — it all adds up to product integrity that has made Collins 
the first choice for over half a century. So when you need exercise equipment, C lli 

choose Collins. You'll be sure of the best for your patient — and yourself. Write today O INS 
for our latest catalog. 

















Compact Treadmill a | 
0.5-4.5 mph or 0.8-8.0 mph, 0-25% lift Pedalmate Ergometer pandai Treadmill. 
Manual or Automatic Heart Rate Control - , 
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à (Each effervescent tablet 
in solution supplies 
50 mEq potassium as 
bicarbonate and citrate.) 


C. 1981 Mead Johnson & Com 


It's good. 


For more than 15 years the effervescent orange and lime 
flavors of original K-LYTE? have been "in the very best of taste." 


It's ready in minutes. 


These individually-wrapped effervescent tablets travel anywhere 
.to be taken at any time...just a K-LYTE tablet and a glass 
of cold water. 


It's 50 mEq of potassium in a single dose. 


Most liquid potassium supplements offer less than 50 mEq 
potassium per dose...and telling your patients to take two 
or more doses each day doesn't mean that they will. 


It’s taken only once a day. 


90 mEq potassium in a once-a-day dose helps your patients 
comply so they get an adequate amount of potassium. 


When your patients don't need a full 50 mEq a day, 
prescribe K-LYTE (with 25 mEq in each effervescent tablet). 


KLYTEDS Oats 


Mead Jims PHARMACEUTICAL DIVISION 





Please see following page for summary of prescribing information. 


pany * Evansville, Indiana 47721 USA 
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! K-Lyte® DS (Each effervescent tablet in solution sunplies 50 mEq potassium as 
bicarbonate and citrate.) 


K-Lyte® (Each effervescent tablet in solution supplies 25 mEq potassium as 
bicarbonate and citrate.) 


Description: K-Lyte DS and K-Lyte are oral potassium supplements. Each K-Lyte 
DS tablet in solution provides 50 mEq potassium as supplied by 2.5 gm potassium 
bicarbonate and 2.7 gm potassium citrate with 2.1 gm citric acid, saccharin, artificial 
flavor and color. Each K-Lyte tablet in solution provides 25 mEq potassium as 
supplied by 2.5 gm potassium bicarbonate and 2.1 gm citric acid, saccharin, artificial 
flavor and color. 

- Indications and Usage: All K-Lyte® products are used for therapy or prophylaxis 

- of potassium deficiency. They are useful when thiazide diuretics, corticosteroids, or 

diarrhea cause excessive potassium loss; and when dietary potassium is low. These 

- products may also be useful when potassium therapy is indicated in digitalis 

- intoxication. 

- Contraindications: Potassium supplements are contraindicated in patients with 

- hyperkalemia since a further increase in serum potassium concentration in such 
patients can produce cardiac arrest. Hyperkalemia may complicate any of the follow- 
ing conditions: chronic renal impairment, metabolic acidosis such as diabetic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns or adre- 
nal insufficiency. Hypokalemia should not be treated by the concomitant administra- 

-tion of potassium salts and a potassium-sparing diuretic (e.g., spironolactone or 
triamterene), since the simultaneous administration of these agents can produce 
severe hyperkalemia. 

- Warnings: In patients with impaired mechanisms for excreting potassium, the 
administration of potassium salts can produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potassium by the intravenous route but 
may also occur in patients given potassium orally. Potentially fatal hyperkalemia can 

- develop rapidly and may be asymptomatic. The use of potassium salts in patients 

- with chronic renal disease, or any other condition which impairs potassium excre- 
‘tion, requires particularly careful monitoring of the serum potassium concentration 
and appropriate dosage adjustment. 

Precautions: General precautions — The diagnosis of potassium depletion is ordi- 

- narily made by demonstrating hypokalemia in a patient with a clinical history 

- suggesting some cause for potassium depletion. When interpreting the serum 

- potassium level, the physician should bear in mind that acute alkalosis per se can 

- produce hypokalemia in the absence of a deficit in total body potassium, while acute 

- acidosis per se can increase the serum potassium concentration into the normal 

| range even in the presence of a reduced total body potassium. Therefore, the treat- 

- ment of potassium depletion requires careful attention to acid-base balance and 

- appropriate monitoring of serum electrolytes, the ECG, and the clinical status of the 

. patient. 

- Information for patients — To minimize the possibility of gastrointestinal irritation 

- associated with the oral ingestion of concentrated potassium salt preparations, 

- patients should be carefully directed to dissolve each dose completely in the stated 

f amount of water. 

- Laboratory tests — Frequent clinical evaluation of the patient should include ECG 

- and serum potassium determinations. 

- Drug interactions — The simultaneous administration of potassium supplements 

_ and a potassium-sparing diuretic can produce severe hyperkalemia (see Contraindi- 
cations). Potassium supplements should be used cautiously in patients who are 
using salt substitutes because most of the latter contain substantial amounts of 
potassium. Such concomitant use could result in hyperkalemia. 

Usage in pregnancy —Pregnancy Category C—Animal reproduction studies have 

- not been conducted with any of the K-Lyte products. It is also not known whether 
these products can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity. They should be given to a pregnant woman only if 
clearly needed. 

Nursing mothers — Many drugs are excreted in human milk and because of the 

- potential for serious adverse reactions in nursing infants from oral potassium 
supplements, a decision should be made whether to discontinue nursing or discon- 
tinue the drug, taking into account the importance of the drug to the mother. 

- Usage in children—Satety and effectiveness in children have not been established. 
Adverse Reactions: The most common adverse reactions to oral potassium 
supplements are nausea, vomiting, diarrhea and abdominal discomfort. These side 
effects occur more frequently when the medication is not taken with food or is not 
diluted properly or dissolved completely. 

Hyperkalemia occurs only rarely in patients with normal renal function receiving 
potassium supplements orally. Signs and symptoms of hyperkalemia are cardiac 
arrhythmias, mental confusion, unexplained anxiety, numbness or tingling in hands, 
feet or lips, shortness of breath or difficult breathing, unusual tiredness or weakness 
and weakness or heaviness of legs (see Contraindications, Warnings and 
Overdosage). 

Dosage and Administration: Adu/ts— One (1) K-Lyte DS tablet (50 mEq potas- 
sium) completely dissolved in 6 to 8 ounces of cold or ice water, 1 to 2 times daily, 
depending on the requirements of the patient. One (1) K-Lyte tablet (25 mEq potas- 
sium) completely dissolved in 3 to 4 ounces of cold or ice water, 2 to 4 times daily, 
Hit on the requirements of the patient. 

. Note: It is suggested that all K-Lyte products be taken with meals and 
sipped slowly over a 5 to 10 minute period. 

How Supplied: K-Lyte* Effervescent Tablets (orange or lime flavors) are available 
in cartons of 30, 100 and 250. K-Lyte* DS effervescent tablets (orange or lime 
flavors) are available in cartons of 30 and 100. Each tablet is individually foil 
wrapped. 
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comprehensive study 
of...the most fascinating 
syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv —Sackler School of Medicine, and Visiting 
Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 
Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University of 
Tel Aviv— Sackler School of Medicine. l 











Every cardiologist, internist, pediatrician, surgeon—indeed, 
every physician—should have a good basic knowledge of 

the Pre-excitation Syndrome. Here are just a few reasons why 
this is so essential: 


V3 of all pre-excitation cases are misdiagnosed. 

5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

[n '2 of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

3 to 2 of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is brought a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
ParkinsonzWhite syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiologv. * 


Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 

















| YORKE MEDICAL BOOKS, 666 Fifth Ave., N.Y., N.Y. 10103 | 
| Please send me a copy of THE PRE-EXCITATION SYNDROME | 
| at $33.00. 1 may use the book for 30 days and if not completely | 
| satisfied, return it for full refund or credit. | 
| Bill me plus cost of shipping. | 
| Payment enclosed, publisher pays shipping. | 
| Charge my credit card: MasterCard Visa. | 
| Card No. Expire Date | 
| NAME 
| ADDRESS. 2 Fx... 7 | Me: : | 
[ CTi ai ee ee E EE 4 
| New York residents adil applicable sles hax Countries outside Western Hemiusphe re iud | 
| 55,00 per copy AJC 6/81 l 
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For men who have already felt the effeéts of without the high incidence of untoward gastro- 
cerebral ischemia, daily doses of aspififA provide intestinal effects associated with ordinary aspirin 
significant protection against recurrence of stroke preparations. By reducing GI unpleasantness. 
or TIA. Ascriptin® may contribute significantly to better 
Ascriptin®—Maalox®-protected—is designed to give long-term adherence...and therefore better 
the full benefit of continuous, daily aspirin dosage protective results. 

The best of 

aspirin is 


Aspirin 325 mg BI buffered with Maalox® 150 mg 


1 tablet q.i.d. or 2 tablets b.i.d. to help prevent recurrent TIA in men 














Reduced Risk 
Aspirin Therapy 

in the Conventional 
Dosage Range 


e to help prevent TIA 

e to relieve pain 

e to reduce fever 

e to aid in vascular headache 

e to suppress platelet aggregation 


The only antiprostaglandin therapy that has passed the test of 
time and experience, aspirin is probably the most widely used 
drug in the world. With the inclusion of Maalox® in the tablet, 
aspirin becomes Ascriptin* —keeping all its therapeutic 
effectiveness and reducing risk of GI intolerance—for even 
greater acceptability to occasional users as well as to patients 
on long-term or frequent dosage. 


ptin 


buffered with Maalox®, 150 mg 


For the best 
of aspirin... 


Ascri 


Aspirin, 325 mg 












RECOMMENDED ASCRIPTIN® DOSE IN TIA's: 1300 mg/day 
(two tablets b.i.d. or one tablet q.i.d.) 





There is evidence that aspirin is safe and effective for 
reducing the risk of recurrent transient ischemic attacks 
or stroke in men who have had transient ischemia of the 
brain due to fibrin platelet emboli. 

There is no evidence that aspirin is effective in reducing 

. TIA's in women or is of benefit in the treatment of 

completed strokes in men or women. Patients presenting 
gns and symptoms to TIA's should have a complete 

ical and neurologic evaluation. 

deration should be given to other disorders which 












It is important to evaluate and treat, if appropriate, other 
disease associated with TIA's and strokes such as 
hypertension and diabetes. 







WILLIAM H. RORER, INC. 
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Role of M Mode Echocardiography in Congenital 


Aortic Stenosis 
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Address for reprints: Stanley J. Goldberg, MD, 
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M mode ultrasonic recognition of a bicuspid aortic valve or congenitally s 
stenotic aortic valve rests on detection of the following criteria: eccen-- 
tricity index, increased leaflet thickness, multiple diastolic cusp lines and . 
presence of a central systolic line. In this investigation, M mode ultrasonic. 
tracings from 118 children were interpreted by evaluators who did not - 
know the diagnosis. Twenty-eight records from children with aortic valve - 


stenosis (25 with a bicuspid valve and 3 with a tricuspid valve), were 
intermixed with records of 90 children with a catheterization-proved 
normal aortic valve to determine how many criteria were present in each 
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tracing. Additionally, tracings were reviewed for overall visual appearance - 


of the criteria, without measurement, to attempt to identify those with an 
abnormal aortic valve. Finally, all echoes were viewed simultaneously 
and ranked from the most normal in appearance to the most abnormal 
aortic valve image. Rankings were then compared with measured pres- 
sure gradients across the aortic valve. 

An eccentricity index value greater than 1.5, thought to be indicative 
of a bicuspid aortic valve, was found in 29 percent of patients with aortic 
stenosis and 20 percent of normal children. Mean eccentricity index values 
for the two groups were statistically similar. Increased leaflet thickness 
was not detected in any tracing. Multiple diastolic cusp lines were present 
in 64 percent of patients with aortic stenosis and 60 percent of normal 
children. None of these criteria were sensitive or selective for diagnosing 
aortic stenosis from an M mode tracing of a given patient. On the basis 
of subjective visual appearance, 39 percent of tracings of patients with 


aortic stenosis were identified correctly. No useful correlation existed 


between the ranking an M mode tracing received for degree of valve 
normality or abnormality and the aortic pressure gradient. This investi- 
gation shows that M mode echocardiography of the aortic valve, despite 
prior recommendations to the contrary, has limited usefulness in diag- 
nosing congenital aortic stenosis. 


Three criteria have been suggested for M mode recognition of a bicuspid 
aortic valve or congenital aortic valve. These include the eccentricity 
index,’ increased leaflet thickness,? multiple diastolic cusp lines‘ and 
presence of a central systolic line.? Presence of an abnormal eccentricity 
index has been thought to be sufficient evidence for diagnosis of a bi- 
cuspid aortic valve.! Increased leaflet image thickness and multiple di- 
astolic lines are suggested criteria for diagnosis of either tricuspid or 
bicuspid congenital aortic stenosis.?^ However, we are unaware of any 
study in which examiners who did not know the patients’ clinical con- 
dition attempted to separate abnormal from normal aortic valve im- 
ages. 
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; 
E. 1. Leading edge methodology is demonstrated. Distance a 


represents the minimal distance between the aortic cusp motion in mid 
diastole and the closest aortic wall echo. Distance b represents the 
intraluminal diameter of the aortic root at end-systole. 








. The goal of this investigation was to evaluate an ad- 
equate randomized sample size of M mode images of 
‘normal and abnormal aortic valves to determine if 
present criteria are adequate for separation of these two 
groups. The result of the investigation should determine 
the usefulness of M mode echocardiography for solving 
this problem. | 

Methods 


= Patients: The study group consisted of all children who had 
- cardiac catheterization evidence of congenital aortic stenosis 
or bicuspid aortic valve and satisfactory M mode echocardi- 
- ograms recorded at the University of Arizona Health Sciences 
- Center between 1972 and 1980. An adequate cardiac cathe- 
terization was considered to consist of a pullback pressure 
tracing from the left ventricle to the aorta at a time of ap- 
propriate cardiac output. Further, the patient was required 
to have an aortogram that demonstrated the aortic valve in 

- sufficient detail to determine whether a biscuspid or tricuspid 
valve was present. An adequate M mode study was defined 
as a tracing containing a well defined anterior and posterior 

- aortic wall and visible aortic leaflets in systole and diastole. 





The control group consisted of children who had left heart 
cardiac catheterization and no pressure gradient during the 
pullback pressure measurement. Further, these control pa- 
tients were required to have evidence of a normal tricuspid 
aortic valve on angiography. For children who met all quali- 
fications, a representative 8 inch (20 cm) section of an M mode 
aortic valve tracing was removed from each file and arbitrarily 
assigned a random number, and that same number was as- 
signed to the patient. All tracings were evaluated only with 
respect to that number, and evaluation results were coded 
with the number for later matching to the patient's diag- 
nosis. 

Echocardiograms: M mode records were evaluated by two 
persons experienced in echocardiography whose only reference 
to the patient was the random number. Tracings were exam- 
ined according to four criteria: the eccentricity index! *; leaflet 
thickness?; multiple diastolic lines*; and the presence of a 
central aortic line?. Eccentricity index was determined after 
the method of Nanda et al.! The interluminal diameter of the 
aortic root at end-systole was multiplied by 0.5 and divided 
by the minimal distance between the aortic cusp motion in 
mid diastole and the closest aortic wall echo. We used leading 
edge methodology for measurement? (Fig. 1). According to 
Nanda et al.,? an index greater than 1.5 is evidence of a bi- 
cuspid aortic valve; however, an index of 1.3 has also been 
proposed.? 

Leaflet thickness was judged by noting if cusp images ap- 
peared abnormally thickened with respect to other lines of the 
tracing. This quantity was not measured because M mode line 
thickness varies considerably as a function of type of ultra- 
sonic equipment and echographic processing settings. 

Multiple diastolic lines, the presence of more than one 
image of the closed aortic cusps during diastole, are shown in 
Figure 2, a tracing from a patient with aortic stenosis. Central 
line presence refers to a line that usually emanates from the 
junction of the anterior and posterior leaflets and passes 
through the opened aortic leaflets during systole (Fig. 3). This 
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line usually appears to be a continuation of the diastolic aortic 
cusp image. 

Analysis of data: The combined randomized echocardio- 
grams were then evaluated by three separate procedures. The 
first procedure was to evaluate individually each tracing ac- 
cording to eccentricity index, increased leaflet thickness, 
multiple diastolic cusp lines and presence of central systolic 
line in an attempt to classify it as normal or abnormal. Each 
tracing was judged for each criterion independently and re- 
sults were cataloged. The eccentricity index was measured. 
The result of each record was then indexed by the tracing's 
numerical code. In the second procedure, the randomly or- 
dered tracings were studied individually according to the 
several criteria to determine if the visual appearance, without 
measurement, suggested a normal or an abnormal aortic valve. 
Third, all echographic strips were viewed simultaneously and 
ranked from the most normal aortic valve to the most abnor- 
mal aortic valve. After each tracing was ranked a rank number 
was assigned to that tracing for later comparison with the 
actual status of the aortic valve. 


Results 


Ninety patients with a normal aortic valve and 32 
with a bicuspid or tricuspid stenotic aortic valve formed 
the study group. Four patients with aortic stenosis were 
excluded because the M mode echocardiogram or the 
cardiac catheterization did not meet all criteria for in- 
clusion into the study. Of the 28 patients with aortic 
valve stenosis, 25 had a bicuspid and 3 had a tricuspid 
aortic valve. The results of studies of children with 
aortic stenosis and normal children are tabulated in 
Tables I and II. 

Evaluation criteria: Eccentricity index: An ec- 
centricity index greater than 1.5 was found in 8 (32 





FIGURE 3. Echocardiogram showing central lines (arrows). See text. 
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percent) of 25 patients with a bicuspid aortic valve and 
18 (20 percent) of 90 patients with a normal aortic valve 
(chi-square = 1.6 [probability (p) = not significant 
(NS)]). Accordingly, this criterion was nonspecific and 
nonselective. Comparison of the mean eccentricity index 
of normal children (1.27 + 0.50) and that of patients 
with a bicuspid aortic valve (1.38 + 0.29) showed no- 
significant difference. i 

Thick aortic leaflets: No patient in either category 
had an aortic leaflet in which the thickness of the imag 4 
seemed out of proportion to other images in the 
tracing. | 

Multiple diastolic lines: 'The presence of multiple 
diastolic lines was similar for the two groups, 18 (64 
percent) of 28 patients with aortic valve abnormalities, 
and 54 (60 percent) of 90 patients with a normal aortic 
valve (chi-square = 0.1, p = NS). However, three or 
more diastolic lines were found in six patients with 
aortic stenosis and in only 11 normal children. Com- 
parison of Figure 4, a tracing containing multiple dia 
stolic lines from a normal patient, with the tracing in 
Figure 2, from a patient with aortic stenosis, shows that 
multiple diastolic lines may be recorded from normal. 
subjects and patients with aortic stenosis. | 

Central systolic line: This additional image was 
present in 10 (36 percent) of 28 patients with aortic | 
valve stenosis and 36 (40 percent) of 90 normal children - 
(chi-square = 0.07, p = NS). 

Visual separation into normal and abnormal re- | 
sults: When randomly ordered tracings were reviewed - 
on the basis of overall visual appearance, only 11 of 28 3 
tracings of patients with aortic stenosis were identified. f 


49 - ve v 
Ó A^. CU AM ~ni LR A -——— A rad Mrih; g ^ 
+E LM ea D PM By i QU ae Mon MAP er - i hows 








KECECIOGLU-DRAELOS AND GOLDBERG 





Diastolic 
Valve Eccentricity Lines Central Rank Gradient 
Type Index (n) Line Order (mm Hg) 

2 1.06 1 No 4 20 j 
2 1.35 <3 Yes 19 40 
2 15 2 No 17 35 
2 1.4 1 No 4 50 
2 1.31 «3 Yes 15 25 
2 1.58 2 Yes 12 65 
2 .93 2 No 4 20 
3 1.44 1 Yes 8 160 
2 1.25 1 No 10 50 
2 1.38 2 No 5 40 
3 1.46 2 Yes 12 100 
2 1.33 2 No 13 15 
2 1.19 1 Yes 7 70 
2 1.7 2 Yes 13 30 
2 2.13 «3 No 22 80 
2 1.47 2 Yes 4 20 
2 1.57 2 No 7 40 
3 1.41 1 No 6 10 
2 .97 2 No 4 70 
2 1.41 1 No 6 16 
2 1.68 1 No 8 15 
2 1.12 3 Yes 20 90 
2 1.19 3 No 17 25 
2 1.69 «3 No 21 20 , 
2 .86 2 Yes 23 100 
2 1.64 1 No 11 100 
2 1.34 1 No 4 100 

| 2 1.14 2 No 12 80 





This represents a 39 percent detection rate. Eleven 
tracings from normal patients were falsely identified 
i stenosis. The remainder of both groups were classified 
as normal. 
Order ranking results: Ranking of 119 choed 
ograms was accomplished, and 23 groups with similar 
intragroup characteristics were established. Group 1 
contained the most normal-appearing aortic valve 
_ tracings, and Group 23 contained those that were most 
_ typical of aortic stenosis. Groups 1 to 10 contained im- 
ages that were judged normal or variants of normal. 
i Groups 11 to 16 contained images that raised suspicion 
but were not diagnostic for aortic stenosis. Groups 17 
- to 23 were thought to be tracings from patients with 
j probable aortic valve stenosis. Figure 5 demonstrates 
the correlation of aortic valve gradient with the rank 
number. No useful correlation existed between the se- 
_ verity of the stenosis and the M mode aortic tracing. 
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TABLE Il 

, _ Data on 90 Normal Patients 
f Tricuspid aortic valve (n) 90 
Eccentricity index (mean + SD) 1.27 + 0.50 


. Patients with the following number of 
. diastolic lines (n) 

| 1 

| 


36 
2 43 
3 6 
3 5 
Central systolic line present (n) 36 of 90 
. Rank order (mean + SD) 7.98 + 4.1 
Gradient across aortic valve (mm Hg) 0 


SD = standard deviation. 


The mean rank number of normal children (7.98 + 4.10) 
was significantly lower (p «0.05) than the mean rank 
number of patients with aortic stenosis (11.0 + 6.21). 
Accordingly, visual impression had some merit but was 
not very accurate. 


Discussion 


Echocardiographic criteria of congenital aortic 
valve disease: This investigation is unique because it 
evaluates suggested M mode echocardiographic criteria 
for making a diagnosis of congenitally abnormal aortic 





FIGURE 4. Echocardiogram from a patient with a normal aortic valve 
showing multiple diastolic lines (arrow). 


4270 June 1981 The American Journal of CARDIOLOGY Volume 47 


valve in a randomized group of aortic valve tracings of 
patients with a proved normal or abnormal aortic valve. 
The results demonstrate that none of the criteria are 
specific or selective for making this diagnosis by M 
mode echocardiography. 

The eccentricity index is not a sensitive indicator of 
bicuspid aortic valves because only 29 percent of trac- 
ings from patients with a bicuspid aortic valve had an 
index greater than 1.5. Twenty percent of the normal 


patients also had an eccentricity index of that magni- - 


tude. Further, the mean eccentricity index was similar 
for the two groups. Many problems were encountered 
when we attempted to compute the eccentricity index. 
For example, M mode tracings of the aortic walls com- 
monly contained multiple images as the result of beam 
width. There is no way of knowing which image best 
represented the anterior aortic wall for the purpose of 
measuring the eccentricity index (Fig. 6, top). Ob- 
viously, the index depends on which of the multiple lines 
is selected as representing the true anterior aortic wall. 
Further, many normal children and patients with aortic 
stenosis had multiple diastolic lines. The eccentricity 
index requires that the measurement be from one of 
these diastolic lines to the nearest aortic wall. For this 
measurement, we attempted to select the diastolic line 
that seemed to emanate from the closure of the anterior 
and posterior aortic cusps, but this was not always 
possible. Perhaps the greatest problem with the ec- 
centricity index was that the value varied for the same 
patient (Fig. 6, bottom). Any change in the manner in 
which the ultrasonic beam intercepted or reflected from 
the aortic walls or leaflets produced an image with al- 
tered beat to beat characteristics. 

Problems of inaccuracy and variability were en- 
countered when evaluating aortic leaflet thickness. No 
patient was found to have unusually thick leaflets when 
imaged lines of other structures were taken into account. 
Accordingly, the thickness was more a function of image 
processing than of a congenitally abnormal aortic valve. 
Abnormal thickness of the image would relate to a 
change in the acoustical impedance of the tissue, and 
not to a change in the thickness of the valve. Such a 
change would probably suggest calcification, but the 
patients we evaluated were young and did not have 
calcification. 

The presence of multiple diastolic lines was easy to 
apply as a diagnostic criterion, but it was not specific 
because it occurred in 60 percent of normal patients. 
This percentage is not significantly different from the 
64 percent occurrence rate in patients with aortic ste- 
nosis. Accordingly, the mere presence of multiple dia- 
stolic lines is not an accurate indicator of aortic stenosis. 
However, there or more lines occurred in 6 of 28 patients 
with aortic stenosis and in 11 of 90 patients with a nor- 
mal aortic valve. 

The presence of a central systolic line was another 
relatively common finding both in patients with and 
without a normal aortic valve but it lacked sensitivity 
or specificity for detecting an abnormal aortic valve. The 
central systolic line may represent the noncoronary 
aortic cusp or may have some other cardiac origin. 
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FIGURE 5. Graph showing lack of correlation between the aortic 
pressure gradient and the rank order of the aortic valve. A rank of 1is 
the most normal and a rank of 23 is the most abnormal. 
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E a er a 
FIGURE 6. Top, echocardiogram showing multiple aortic wall images 
(MWI) and multiple diastolic lines (MDL). Both findings complicate ac- — 
curate eccentricity index determination. Bottom, the eccentricity index 
values are listed under each beat. The beat to beat variability is con- - 
siderable. n 
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Analysis of echocardiograms merely on the basis of 
overall visual appearance also yielded poor results. 
Only 39 percent of patients with aortic valve stenosis 
could be identified in this manner. The main charac- 
teristic that distinguished their tracings from those of 
‘normal children was the presence of more than two di- 
- astolic lines. Eleven normal tracings were falsely iden- 
tified because of the presence of more than two diastolic 
ines. This criterion was not very selective. 
. No correlation was found between pressure gradi- 
ents across the aortic valve and the degree of aortic 
| - valve image abnormality in the M mode echocardio- 
gram; however, the tracings classified as the most 
probably normal correlated with no aortic pressure 
‘gradient, and the most abnormal appearing tracings had 
a pressure gradient of more than 80 mm Hg. For the 
entire group, little correlation existed for this classifi- 
cation except at the extreme distributional edges. 
= Our study did not evaluate all phenomena associated 
with aortic stenosis. For example, we did not consider 


M 
} 
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CONGENITAL AORTIC : STENOSIS—KECECIOGLU-DRAELOS - AND GOLDBERG 


left ventricular thickness or post-stenotic dilation. 
Additionally, we blindly examined random isolated 
aortic tracings. Better rates of detection of aortic ste- 
nosis could probably be obtained if the complete echo- 
cardiographic record were obtained by a skilled cardi- 
ologist. Isolated traces are good tests of criteria but do 
not test total echocardiographic capability. These fac- 
tors might account for some of the discrepancies be- 
tween our results and those of others. 

Clinical implications: This investigation demon- 
strates that M mode echocardiography of aortic valve 
images does not provide adequate information for 
making the diagnosis of congenital aortic stenosis or 
bicuspid aortic valve. Two dimensional echocardio- 
graphic criteria for the diagnosis of aortic stenosis have 
been developed by Weyman et al.® It is unclear whether 
two dimensional echocardiography will produce better 
results than M mode echocardiography under the con- 
straint of a randomized controlled investigation such 
as that used in this investigation. 
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The results of 341 radionuclide studies, using the method of Maltz and - 
Treves to quantify left to right shunts, were reviewed to evaluate its clinical - 
usefulness in routine practice. In 245 children in whom a shunt was sus- - 
pected, 140 were shown to have shunts at cardiac catheterization, the — 
pulmonary to systemic blood flow ratio (Qp/Qs) being greater than 1.15 - 
in 121. In 92 of 105 normal children, the ratio was less than 1.05. Nineteen - 
children with a shunt had a ratio in the borderline range of 1.05 to 1.15 — 
as did 13 normal children. Only one normal child had a Qp/Qs ratio greater - 
than 1.10 whereas seven children with a shunt had a ratio of less than 1.10, — 
including one with a ratio of less than 1.05. A highly significant correlation - 
(r = 0.71) existed between the shunt sizes estimated with the radionuclide — 
method and with oximetry. However, in 10 of these patients a small shunt - 
shown with the radionuclide method was not detected with oximetry but — 
observed on indocyanine green dye curves. In 41 children, therefore, shunt — 
size measured with the radionuclide method, oximetry and indocyanine - 
green dye curves was compared. The correlation of shunt size was 
comparable with the three techniques. The radionuclide estimation is — 
therefore considered to be more sensitive than oximetry in the detection 
of small shunts. The procedure was also valuable in 96 children studied - 
after cardiac surgery; a Qp/Qs value greater than 1.15 was present in 17 

children, 12 of whom have to date been shown to have a residual shunt. 


Although clinical assessment is the cornerstone of evaluating cardiac 
shunts in children, the measurement of the magnitude of left to right — 
shunts in children with suspected or confirmed heart disease has largely | 
depended on cardiac catheterization with use of oximetry or dye-dilution 
curves. However, the nontraumatic nature of radionuclide cardiologic - 
studies and improved methods for analyzing scintigraphic data have led 
to use of such studies as an invaluable aid in the detection and quanti- 
tation of cardiac shunts.! We? have previously reported our experience | 
in 70 children in whom the presence or absence of a left to right shunt — 
had been established and in whom radionuclide quantitation of the shunt — 
had been performed by the pulmonary to systemic blood flow ratio | 
(Qp/Qs) method of Maltz and Treves? and by their modification of the 
C2/C1 ratio method of Folse and Braunwald.* We concluded that the 
former technique was superior. 

In this study we evaluated the radionuclide technique in detecting and 
quantitating left to right shunts in children and compared this method 
with the estimation of shunt size by oximetry or dye dilution methods 
at cardiac catheterization. The results of 341 radionuclide studies were 
examined and this report confirms the clinical utility of the radionuclide 
investigation in the quantitation of shunts, assessment of a cardiac 
murmur and the evaluation of postoperative patients. 


Methods 


Patient group: Radionuclide angiocardiography was performed as a routine 
diagnostic procedure in 245 children in whom a left to right shunt was suspected. 
Their ages ranged from 5 days to 16 years (mean 5 years). The diagnosis was 
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TABLE | 


. Cardiovascular Diagnoses in Patients Who Had 
. Cardiac Catheterization 


$$ 


Atrial septal defect 37 
| Ventricular septal defect (VSD) 79 
| Patent ductus arteriosus (PDA) 22 

PDA and VSD 2 
; No shunt 48 
| Total 188 





3» 


established by cardiac catheterization in 188 of these patients 
(Table I). One hundred fifty-four children (82 percent) had 
radionuclide studies within 1 week of catheterization, and 14 
q percent) between 1 week and three months. The 20 patients 
(11 percent) with an interval greater than 3 months between 
catheterization and the radionuclide study, were excluded 
from the quantitative comparison of shunt size with oximetry. 
Quantitative analysis of the indocyanine green dye curves was 
performed in 41 of the children who underwent catheteriza- 
tion. Patients with a bidirectional or right to left shunt were 
excluded from the study. 
— To evaluate the role of the radionuclide technique in as- 
- sessing the efficacy of surgical correction of cardiac shunts, 
- 96 unselected patients were studied after surgery, either in the 
early postoperative period or on routine return to the fol- 





- low-up clinic (Table II). Their ages ranged from 13 weeks to 


-. 16 years (mean 5.5 years). Thirty-six of these patients had had 


|. a preoperative radionuclide study. 


i 


Radionuclide technique: All children received potassium 


_ perchlorate orally (200 mg for those under 12 months and 400 


_ mg for those over 12 months) to prevent radionuclide uptake 


by the thyroid and, as required, were sedated before under- 
going the procedure. The external jugular vein was the pre- 


| ferred injection site. The patient was placed supine beneath 
_ a gamma camera that was positioned over the chest and upper 


. Ter. 


abdomen in the anterior position. When the patient was quiet 
and breathing normally, technetium-99m sodium pertech- 


- netate in a dose of 200 uCi/kg body weight (minimal dose 2 


mCi) was injected by way of the scalp vein needle connected 


_ to a three-way stopcock, thus allowing immediate flushing of 


the radioactive bolus dose with physiologic saline solution. A 
Nuclear-Chicago Pho-Gamma 111 HP Camera with a low 


- energy, high sensitivity parallel hole collimator was used. The 
- data were stored for analysis on a Digital gamma 11 computer 


at a rate of 2 frames/s for a 40 second period. For the very 


- small infants a special (zoom) mode of computer acquisition 


z — 


utilized only the center of the camera field to produce a 
magnified image of the heart and lungs. 

The passage of the bolus dose through the cardiac cham- 
bers, lungs and great vessels was displayed on the computer 
oscilloscope for visual analysis. Before quantitation of the 


. TABLE Il 


Diagnosis in Postoperative Patients Studied With 
Radionuclide Angiocardiography 
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shunt, the quality of bolus injection was checked by placing 
a region of interest over the superior vena cava. Visualization 
of the time-activity curve permitted identification of the 
curves characteristic of a satisfactory or unsatisfactory bolus 
injection. During the period of this review 22 studies with 
prolonged or double-peaked injection curves were discarded. 
Although a deconvolution technique has been advocated? for 
use in correcting unsatisfactory bolus injections, it was not 
used in this study. 

Analysis of radionuclide imaging data: Quantitative 
analysis of the data was performed by selecting two regions 
of interest over the peripheral lung fields as they appeared on 
the summated image of the arterial and venous phases of the 
study. Pulmonary time-activity curves were then generated. 
The curves were analyzed by a computer program using the 
least squares gamma variate fitting technique to calculate the 
Qp/Qs ratio, the principle of which has been described in detail 
by Parker and Treves.® For our routine analysis the gamma 
variate curve was computed from a representative segment 
of the lung transit curve, the limits of the fit being selected by 
the computer operator. They were taken as 10 percent of the 
maximal activity on the upslope to the point on the downslope 
beyond which the curve did not remain monotonous. The 
gamma variate curve was then subtracted from the original 
data. A second gamma variate was then fitted to the initial 
phase of the subtraction curve. The limits for this fit were 
selected as 10 percent on the upslope to one point beyond the 
maximum, which was defined as that point above which the 
activity failed to remain monotonous. p/Qs ratios greater 
than 3.0 are set to 3.0 because the excessive recirculation af- 


fects the gamma variate fitting, reducing accuracy of the re- 


sults. However, exact values in this range do not usually alter 
clinical management. In our earlier study we? found the Qp/Qs 
ratio for the right lung had a better correlation with the Qp/Qs 
ratio obtained with oximetry than did that obtained for the 
left lung. Qp/Qs ratios were computed for both left and right 
lungs routinely whenever possible, but only the ratio com- 
puted for the right lung was used for assessment of shunt size. 
In patients with a patent ductus arteriosus, the Qp/Qs ratios 
for the left and right lungs were compared to assess the degree 
of preferential shunting through the left lung. 

Cardiac catheterization: This procedure was performed 
with use of the femoral approach in all patients. Blood samples 
for oxygen saturation were collected from all cardiac cham- 
bers, venae cavae, pulmonary arteries and aorta to assess the 
presence of a shunt. Indocyanine green dye was injected into 
the main pulmonary artery and sampled from the central 
aortic position. Blood gas analysis was performed with elec- 
trodes (Radiometer analyzer) and dye-dilution curves were 
obtained using indocyanine green drawn through a Gilford 
densitometer. 'The indocyanine green dye curves were ana- 
lyzed by fitting a gamma variate in a similar manner to the 
analysis of the radionuclide data. 

Statistical analysis: The Spearman rank correlation 
coefficient was used for comparison of the radionuclide, oxi- 
metry and indocyanine green dye curve data. To establish 
interobserver reproducibility in the radionuclide method, the 
Qp/Qs ratio in 20 children was independently analyzed by a 
second observer and the results compared using a paired 
sample t test. 


Results 


Catheterization findings: Table I provides a summary of 
the cardiovascular diagnosis in the 188 patients studied with 
cardiac catheterization. One hundred forty children were 
shown to have a left to right shunt and 48 to have no shunt. 


Atrial septal defect 38 
Ventricular septal defect 17 
Patent ductus arteriosus 20 
Tetralogy of Fallot 10 
Transposition of great arteries 2 
Endocardial cushion defect 7 
Total anomalous pulmonary venous drainage 2 
Total 96 
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Radionuclide data: The results of the Qp/Qs estimation 
in 245 children are shown in Figure 1. Cardiac catheterization 
was performed in 188 children; in the other 57 children, con- 
sidered to have no shunt on the basis of physical examination, 
echocardiography and chest X-ray film, the finding of a Qp/Qs 
ratio of less than 1.05 was accepted as sufficient confirmation 
of the absence of a shunt. 

In the 140 children in whom the presence of a left to right 
shunt was confirmed, the Qp/Qs value was greater than 3.0 in 
21 and was between 1.16 and 3.0 in 100. In 12 children the 
result lay between 1.11 and 1.15 and in 6 children between 1.05 
to 1.10. The remaining child had a value of 1.04 and oximetry 
performed 3 months after the radionuclide study demon- 
strated the presence of a small ventricular septal defect. 
Among the 48 children in whom a shunt was excluded by 
cardiac catheterization, 35 had a Qp/Qs value of less than 1.05. 
Twelve of the remaining 13 children had a value between 1.05 
and 1.10; the remaining normal child had a higher value 
(1.13). 

In 22 of the 140 children the left to right shunt was a patent 
ductus arteriosus (Table I). In 17 of these children it was 
possible to compare the Qp/Qs ratios in the right and left 
lungs. In 8 of the 17 the right and left lung values did not differ 
by more than 0.1, in 7 there was greater shunting through the 
left lung and in 2 the right lung values were higher. 

In the reproducibility study a paired sample t test showed 
no significant difference between the two observers (mean 
percent difference = 0.60 percent, standard deviation = 
+5.86%, t = 0.046). 

Comparison of oximetry and radionuclide shunt as- 
sessment: A comparison of the Qp/Qs ratios obtained by ox- 
imetry and the radionuclide technique in 99 of the 140 chil- 
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NO SHUNT L-R SHUNT 


FIGURE 1. Radionuclide Qp/Qs ratios obtained in 105 children without 
a shunt and in 140 shown to have a left to right (L-R) shunt by cardiac 
catheterization. Numbers in parentheses indicate the number of Qp/Qs 
ratios equal to 1.0 (91) and of ratios greater than 3.0 rounded to 3.0 
(21). 
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dren with a left to right shunt is shown in Figure 2. The cor- 
relation coefficient is 0.71 (p «0.001). Twenty-one children 
with a ratio greater than 3.0 are not included in this analysis 
because exact values were not calculated at this level. The 
ratios in 20 other children were also excluded from the cor- 
relation because there was an interval greater than 3 months 
between the two investigations. This exclusion was designed 
to avoid the possibility of spontaneous alterations in shunt 
size although the results generally agreed well. Ten of the 99 
patients (Fig. 2) had a small shunt that was shown with the 
radionuclide Qp/Qs method, not detected by oximetry but 
observed on indocyanine green dye curves. In three of th ose 
children the Qp/Qs value was less than 1.10, in four it was 1.10 
to 1.15, and in the other three it was greater than 1.15. 

Comparison of oximetry, radionuclide and indocyanine 
green dye curve shunt assessment: The Qp/Qs ratios ob- 
tained with oximetry, the radionuclide method and indocya- 
nine green dye curves were compared in 41 of the 188 children 
who underwent cardiac catheterization. Seven of these chil- 
dren had a Qp/Qs ratio of 1.0 by the three methods and four 
had a value greater than 3.0. Figure 3, a and b, compares the 
indocyanine green dye and oximetry Qp/Qs values with the 
radionuclide values in the 30 of these children who had a shunt 
of less than 3.0; the correlation coefficients were 0.83 and 0.76, 
respectively. Figure 3c compares indocyanine green dye an def 
oximetry data; the correlation coefficient was 0.72. ^ 

Postoperative studies: Table II summarizes the preop- - 
erative diagnoses of the 96 patients studied postoperatively. 
Figure 4 illustrates the Qp/Qs ratios obtained after operation. 
The Qp/Qs value was less than 1.05 in 54 children and from - 
1.05 to 1.15 in 25. A ratio greater than 1.15 was found in 17 © 
children. A residual shunt was known to be present in 8 of i 
these 17 patients and shown to be present by catheterization 
in a further 4. In 5 children the residual shunt was greater than - 
1.5. In two children, a second study showed reduction of the — 
size of a residual ventricular septal defect after ligation of a _ 
patent ductus arteriosus, the values changing from 1.85 to 1.10 
and 1.73 to 1.25 at 5 and 8 months, respectively. Of the 36 3 
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FIGURE 2. Correlation of radionuclide Qp/Qs ratio method with oximetry _ 
Qp/Qs ratio method in 99 children with shunts with a Qp/Qs ratio of less 
thar 3.0. Triangles indicate the 10 children in whom oximetric values _ 
were normal but the presence of a shunt was confirmed by indocyanine 
green dye curves. 
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patients studied pre- and postoperatively only 1 patient 
showed no change in shunt size. In this patient, ligature clo- 
- sure of a patent ductus arteriosus failed and he required re- 
operation. 
| Discussion 


_ This study confirms the accuracy of radionuclide 
assessment of left to right shunts in children. The ra- 
-dionuclide method can be relied on as a simple and 
valuable procedure for separating patients with and 
without shunts, thus avoiding unnecessary invasive 
investigation. The technique is also useful in evaluating 
postoperative patients as well as in making serial as- 
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sessments of children in whom corrective surgery has 
been deferred. 

'The reliability of the radionuclide technique depends 
on adherence to strict routine. Factors affecting the 
outcome include proper sedation and positioning of the 
patient. A discrete rapid bolus injection is essential. 
Crying, in particular, will result in disruption of the 
bolus dose. The radionuclide Qp/Qs technique cannot 
be successfully used in evaluating bidirectional 
shunts. 

Comparison of oximetry and radionuclide shunt 
assessment: The correlation with oximetric findings in 
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FIGURE 3. a, correlation of radionuclide Qp/Qs ratio with in- 
docyanine green dye Qp/Qs ratio in 30 children with a shunt with 
a value of less than 3.0. b, correlation of radionuclide Qp/Qs 


10 12 14 16 18 20 22 24 26 28 30 ratios with oximetry Qp/Qs ratios in the same 30 children. c, 
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correlation of indocyanine green dye Qp/Qs ratios with oximetry 
Qp/Qs ratios in the same children. 
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99 children with a shunt of less than 3.0 was highly sig- 
nificant (r = 0.71, p <0.001), indicating that the tech- 
nique is reliable in providing definitive values of the 
magnitude of the shunt. Askenazi et al.! in a study of 105 
children found a correlation with oximetric data of 0.94. 
However, they included 21 children without a shunt and 
16 with a shunt greater than 3.0 rounded to 3.0. We 
suggest that this is statistically unjustifiable because the 
inclusion of such results falsely increases the correlation 
coefficient. 

Examination of our results showed that a left to right 
shunt was always present when the radionuclide 
Qp/Qs ratio in the right lung was greater than 1.15. 
With one exception, children with a radionuclide Qp/Qs 
ratio of less than 1.05 did not have a shunt detectable 
with either oximetry or indocyanine green dye curves. 
It has been suggested'?:^7 that the radionuclide tech- 
nique may not be reliable for ratios of less than 1.2. In 
our patient group any value greater than 1.15 indicated 
the presence of a left to right shunt and a value within 
the range 1.05 to 1.15 had to be viewed with suspicion. 
Children with values in this range may warrant further 
investigation if clinically indicated. Only 13 of the 105 
children in whom a shunt was excluded had values in 
this range, with only one having a value greater than 
1.10. Conversely, 19 children with a shunt had a ratio 
of less than 1.16. In 6 of the 19, the value was between 
1.05 and 1.10 and in 1 it was 1.04. The finding of aQp/Qs 
ratio of less than 1.05 in 57 of the 245 children in whom 
a left to right shunt was suspected was considered suf- 
ficient confirmation of the absence of a shunt and 
catheterization was not performed. 

A shunt size of 1.5 is frequently chosen by the pedi- 
atric cardiologist as the point below which, depending 
on the clinical situation, surgery may not be indicated. 
In 65 patients with a shunt of this size or greater on 
oximetry performed within 3 months of the radionuclide 
study, only 6 had a radionuclide Qp/Qs ratio less than 
this value. Four of these patients had a patent ductus 
arteriosus. It seemed that, as has been postulated,” such 
a discrepancy might reflect differential pulmonary flow 
to the left lung. However, in none of these four children 
was the left lung Qp/Qs value greater than 1.5. Indeed, 
in the 17 patients with a patent ductus arteriosus in 
whom the Qp/Qs value was calculated for both lungs, 
we were unable to confirm a consistent differential 
pulmonary flow, and these results were supported by 
the oxygen saturation findings at cardiac catheteriza- 
tion. 

Comparison of oximetry, radionuclide and in- 
docyanine green dye curve shunt assessment: Al- 
though oximetry is the traditional method of assessing 
shunts at cardiac catheterization, there are several 
drawbacks to its use which may contribute to inac- 
curacies. In patients with an atrial septal defect, there 
is not a true mixed venous sample and assumptions have 
to be made from samples collected from the venae cavae 
and the atrium. In addition, there may be streaming 
effects and a time delay in collecting all samples of 
oxygen saturation estimations. This study showed that 
in 10 patients a small left to right shunt was not detected 
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POST - OP STUDIES 3 
FIGURE 4. Radionuclide Qp/Qs ratios obtained in 96 children after 
corrective cardiac surgery (POST-OP). Fifty-four children had a Qp/Qs . 
ratio equal to 1.0. 4 


by oximetry whereas both indocyanine green dye curves - 
and the radionuclide Qp/Qs ratio detected the shunt. i 
We therefore compared the oximetry, indocyanine green 
dye and radionuclide methods. Indocyanine green 
dye-dilution curves analyzed as a gamma function have 
previously been demonstrated as an accurate method A 
for detecting shunts.8 Our findings showed the corre- 
lations of shunt size to be similar for the three tech- 
niques. It is not possible from an analysis of our results 
to comment on which technique is the most accurate in 
assessing shunt size. However, the radionuclide and 
green dye methods were more reliable than oximetryin 
the detection of small shunts. $ 

Postoperative patients: The radionuclide technique 
was valuable in the group of 96 unselected patients 
studied after corrective cardiac surgery. Five had a 
Qp/Qs ratio greater than 1.5. However, three of these 
had a known shunt after closure of other defects. An- 
other 12 patients had a value greater than 1.15 but a 
residual shunt was clinically suspected in only 8 of these. ) 
This illustrates the usefulness of this noninvasive pro- 
cedure, not only in confirming persistence of shunts but 
also in detecting an unsuspected residual shunt that 
would otherwise not have been identified because car- 
diac catheterization would not have been routinely 
performed. T 

Five of the 25 children in whom the Qp/Qs value lay 
in the borderline range of 1.05 to 1.15 underwent cardiac 
catheterization and the oximetry findings were normal. 
It was particularly in this range that in the preoperative 
series the radionuclide method was more sensitive than 
oximetry. However, it is possible that Qp/Qs values 
were, as suggested by Treves and Parker,’ affected by 
increased bronchial collateral circulation. We also found i 
that the Qp/Qs analysis could not be performed in afew _ 
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children, in the early postoperative period, in whom 
there was prolonged pulmonary transit and clearance. 


The gamma variate could not be fitted satisfactorily to 


the resultant wide first curve. 
Clinical implications: Our results do not merely 


_ confirm that the radionuclide Qp/Qs method is highly 


d 


reliable in the diagnosis of left to right shunts, but that 


_it has a greater diagnostic accuracy in small shunts than 


, 
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hitherto suggested, a value greater than 1.15 being in- 
dicative of such a lesion. We suggest that because of its 


simplicity and the short time required for its perfor- 
mance, the technique has a vital role in the routine in- 
vestigation of children with a murmur, in the assess- 
ment of their progress and in the evaluation of surgical 
repair. When used as a contributing diagnostic proce- 
dure in conjunction with clinical examination, chest 
X-ray film and electrocardiogram, the radionuclide 
Qp/Qs ratio may rule out the need for cardiac cathe- 
terization or indicate the most appropriate time for this 
procedure. 
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Preoperative Angiocardiography in Infants With 


Angiocardiograms in 36 infants with tetrad of Fallot were reviewed to LL 


determine which projections best displayed the anatomy. The occurrence 


of associated cardiovascular anomalies was also recorded. An additional - 
ventricular septal defect was found in 14 percent (5 of 36), peripheral - 
pulmonary stenoses in 30 percent (10 of 36) and surgically important 1 


coronary arterial abnormalities in 8 percent (3 of 36). 


This retrospective study indicated that optimal biplane angiocardi- - 
ography should include: (1) right ventriculography in a sitting or hepato- - 
clavicular view for demonstration of the right ventricular, infundibular, * 
and pulmonary artery anatomy, (2) left ventriculography in the long axial - 
oblique (cranially angled oblique) view for display of ventricular septal - 





defects and coronary arteries, and (3) an aortogram at the valve level v 


(oblique view) if coronary arteries are not well seen in the left ventricular 


study. 


Total surgical repair in infants with tetrad of Fallot is becoming more 
common.!:? With this approach it is mandatory to establish the correct 
diagnosis preoperatively and to identify additional abnormalities that 
may complicate, or contraindicate, surgical correction. Because these 
babies often are severely hypoxemic and acidotic at the time of cardiac 
catheterization, it is necessary to demonstrate the anatomy as safely and 
efficiently as possible. Reduction of the angiographic examination to 
the fewest necessary views has the additional advantage of minimizing 
radiation to both the patient and the medical personnel. 

A review of infants with tetrad of Fallot was undertaken to determine 
the optimal views for demonstrating the pathologic anatomy and to 
evaluate the occurrence of associated surgically important cardiovascular 
anomalies. The results of this retrospective study form the basis of this 
report. 


Methods 


Patients: In the period January 1977 to January 1980, 36 infants aged 7 
months or less with tetrad of Fallot underwent cardiac catheterization at Chil- 
dren's Hospital, Boston. Babies with pulmonary atresia were excluded from 
consideration. The cardiac catheterization data and biplane cineangiocardio- 
grams of the 36 infants were reviewed without knowledge of the anatomic fea- 
tures found during surgery or at autopsy. Abnormalities seen on angiocardi- 
ography were then compared with observations recorded at the time of complete 
surgical repair in 22 and at autopsy in 2 babies. 

Cardiac angiography: Although a standard approach to cardiac catheter- 
ization was attempted, a variety of angiographic views were used (Table I) be- 
cause several staff physicians and doctors in training were involved in these 
studies. The biplane cine studies were specifically examined for confirmation 
of tetrad anatomy and the presence of multiple or unusual ventricular septal 
defects, peripheral pulmonary stenosis, coronary arterial anomalies, aortic arch 
variants and any other cardiovascular defects. Notation was made of the views 
that best demonstrated the anatomy and those that were least useful. 
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TABLE | 


Biplane Angiocardiographic Projections Used in 36 Infants 
With Tetrad of Fallot 








n 
Right ventricular injection 
Lat 8 
Sitting or H-Cl 25 
Left ventricular injection 
AP-Lat 3 
Obl or Aobl 28 
. Injection at level of aortic valve 
—. AP-Lat or Obl-Aobl 17 


Aobl — angled oblique (long axial); AP — anteroposterior; H-CL — 
hepatoclavicular; Lat — lateral; Obl — oblique. 


Observations 


Tetrad anatomy: Infundibular stenosis and hypo- 
plasia in combination with a malalignment ventricular 
septal defect? (that is, malalignment between the conal 
septum or parietal band and the muscular interven- 
tricular septum) were present in all 36 infants. The in- 
fundibular obstruction was observed in all oblique or 
lateral views of right ventricular injections (Fig. 1) and 
all right oblique views of left ventricular studies. A 
malalignment ventricular septal defect was shown in all 
(28 of 28) left ventricular studies in either left oblique 
or angled left oblique projections (Fig. 2) and in 25 of 
33 (75 percent) of right ventricular angiocardiograms 
in left oblique or lateral views (Table II). 

_ Multiple ventricular septal defects: In addition 

to a malalignment ventricular septal defect, one or more 
muscular defects were detected in four patients (Fig. 3). 
Another patient, with Down's syndrome, had a mal- 
alignment ventricular septal defect and a defect in the 
atrioventricular (A-V) canal segment of the septum. 


PU = 2 2E 


FIGURE 1. Right ventriculogram, lateral projection, showing typical 
infundibular anatomy of tetrad with anterosuperior displacement of the 
infundibular septum (arrows). Because the infant was sitting (see Fig. 
4), this lateral view (made with the horizontal image intensifier) is 
crooked. LV = left ventricle; RV = right ventricle. 
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TABLE Il 


Angiographic Demonstration of Ventricular Septal Defects 
in 36 Infants With Tetrad of Fallot 


n % 
Malalignment VSD 36 100 
Left ventricular (Obl or Aobl) 28 100 
Right ventricular (Obl or Lat) 33 75 
Additional VSD (4 muscular, 1 A-V canal) 5 14 
Left ventricular (Obl or Aobl) 28 100 
Right ventricular (all views) 33 0 


A-V = atrioventricular; other abbreviations as in Table |. 


Thus, 5 (14 percent) of the 36 infants had multiple or 
unusual ventricular septal defects (Table II). Surgical 
confirmation was obtained in four of these five (in one 
patient an apical muscular ventricular septal defect 
shown angiographically was not located). The best 
projection for defining the level and number of ven- 
tricular septal defects was the cranially angled left 
oblique view. 

Peripheral pulmonary stenosis: Stenosis at the 
origins of the left or right pulmonary artery was present 
angiographically in 10 (30 percent) of the 36 infants, 
involving the left artery in 9 infants and both arteries 
in 1 infant (Table III). In none was measurement of the 
pressure gradient attempted. One infant had atresia of 
a short segment at the origin of the left pulmonary ar- 
tery, the distal vessel being supplied by a patent ductus 
arteriosus. Although right and left ventricular injections 
in standard oblique and angled oblique views identified 
or excluded peripheral pulmonary stenosis in 66 percent 
of cases, right ventricular studies in sitting (Fig. 4) or 





FIGURE 2. Left ventriculogram, left angled oblique (Aob) projection. 
A malalignment ventricular septal defect allows opacification of the 
right ventricle anteriorly. The aortic valve (Ao) straddles the ventricular 
septum. A severe stenosis (arrow) at the origin of the left pulmonary 
artery is also demonstrated. 
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TABLE Ill 


Demonstration of Peripheral Pulmonary Stenosis in 36 
Infants With Tetrad of Fallot* 





Peripheral Pulmonary 





Stenosis 
Total Present or Not 
Studies (n) Ruled Out Ruled Out 
Right ventricular study 8 37 96 63 96 
(AP Lat) 
Left ventricular study 28 62% 38% 
(Obl/Aobl) 
Right ventricular study 25 96 % 4% 


(sitting/H-CL) 


“Ten (30 percent) of the 36 infants had peripheral pulmonary ste- 
nosis, affecting the left pulmonary artery in 9 and both the left and right 
pulmonary arteries in 1. 

Abbreviations as in Table |. 





` 


FIGURE 3. Left ventriculogram, left angled oblique projection. In addition 
to a high, malalignment ventricular septal defect, two muscle defects 
(arrows) are visualized early in the injection (A). These defects are 
obscured a few frames later (B). 
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FIGURE 4. Right ventriculogram, sitting (Sit) projection (40? cranial 
angulation). Although the infundibular anatomy of the right ventricle (RV) 
is clearly visualized, the particular advantage is the demonstration of 
the main pulmonary arteries. 


hepatoclavicular views were superior, demonstrating 
the central pulmonary anatomy in 96 percent (Table 
III). 

Coronary anomalies: Coronary arterial anomalies 
occurred in 4 (11 percent) of the 36 patients; two 
anomalies were correctly diagnosed angiographically, 
and the other two were discovered at operation. The 
majority (three of four) were surgically significant (that 
is, they interfered with right ventriculotomy); the left 
anterior descending branch arose anomalously from the 
right coronary artery and traversed the infundibulum 
in two cases, and the right coronary artery originated 
from a peculiarly rotated aortic valve and traversed the 
right ventricular outflow tract in another (Fig. 5). One 
infant had a single left coronary artery of no surgical 
consequence. 

Twenty-one babies with angiographically normal 
coronary arteries underwent total surgical repair. In 20 
(95 percent) of the 21 the coronary arterial anatomy was 
normal. The coronary anomaly identified unexpectedly 
has already been described. 

Coronary arterial visualization was very poor with 
right ventricular injections in any projection. Although 
both coronary arteries were adequately visualized on left 
ventriculography in 62 percent of patients, optimal vi- 
sualization (94 percent) was achieved with injections at 
the aortic valve level (Table IV). 

Miscellaneous anomalies: The additional cardio- 
vascular defects and aortic arch variations encountered 
in the 36 infants are tabulated in Table V. 


Discussion 


Angiocardiography in infants with tetrad of Fallot 
should be as brief and efficient as possible. The use of 
large volumes of contrast material may be hazardous* 
and excessive catheter manipulation may induce in- 
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fundibular spasm, resulting in cyanotic spells. Addi- 
tionally, arterial catheterization may result in femoral 
arterial obstruction, although complications may be 
diminished by systemic heparinization? and the use of 
very small catheters$. 

The recent trend toward total repair? of tetrad 
hearts in infancy necessitates complete and accurate 
angiocardiographic diagnosis. In the past the initial 
study often demonstrated only the major anomalies of 
the tetrad complex. This was accomplished with stan- 
dard frontal and lateral (infrequently right and left 
oblique) views of a right ventricular injection, occa- 
sionally combined with left ventriculography. In many 
cases definition of the origins of the right and left pul- 
monary arteries, the status of the entire interventricular 
septum and the course of the coronary arteries were 
obtained inadvertently, neglected entirely or left to a 
future study. The influence of successful infant cardiac 
surgery! and the development of axially angled views? 
have caused replacement of this old approach in many 
institutions.? 


Tetrad Anatomy 


Hypoplasia of the right ventricular outflow tract or 
infundibulum can be seen on right ventricular injec- 
tions in most projections, although lateral and right 
oblique views are best. With biplane right ventricular 
cineangiocardiography, the right ventricle is visualized 
in the lateral view with the horizontal beam when the 
baby is in the sitting position. Extensive delineation of 
the infundibular anatomy is usually unnecessary, be- 
cause this anatomy is easily visible to the surgeon in the 
operating room. 

The ventricular septal defect in tetrad of Fallot is 
caused by malalignment of the parietal band (infun- 
dibular septum) with the interventricular septum.? 
Characteristically this ventricular septal defect is large, 
extending from the crest of the muscular ventricular 
septum to the aortic valve as seen in cranially angled left 
oblique views (Fig. 2). Although this defect occurs near 
and involves the membranous area of the septum, it can 
be differentiated angiographically from a true mem- 
branous defect by the presence of anterior displacement 
of the parietal band and the absence of a membranous 
septal aneurysm. In our review of infants with tetrad, 
this typical malalignment ventricular septal defect was 
seen in the lateral view of most (78 percent) right ven- 


TABLE IV 


Coronary Arterial Visualization in 36 Infants With 
Tetrad of Fallot 


Coronary Arteries 
Injections 
oe CAL Right Right 
Site n and Left or Left Neither 
RV 33 0 17 96 8396 
LV 28 62 96 7% 31% 
Ao 17 94% 6% 0 


Ao = aortic valve level; LV = left ventricle; RV = right ventricle. 


CORONARY ARTERIES 





Distal Access. AD from CBr. Anom. AD simulating single LCA 


FIGURE 5. Unusual coronary anomalies in two infants with tetrad (lower 
drawings). In one (left), the conus branch (CBr.) of the right coronary 
arteries extends to the cardiac apex to become an accessory anterior 
descending (AD) artery. In the other (right), there is unusual counter- 
clockwise rotation of the aortic valve in combination with an anomalous 
(Anom.) anterior descending branch of the left coronary artery (LCA). 
L, N and R are, respectively, the left, noncoronary and right cusps of 
the aortic valve. 


tricular studies and in all patients who had a left ven- 
tricular study in cranially angled left oblique views. 

Although straddling of the interventricular septum 
by the aortic valve (Fig. 2) is characteristic of tetrad 
hearts, its extent is highly variable, being angiograph- 
ically minimal in mild cases. Because even severe 
overriding does not change the surgical procedure, the 
degree of straddling is not of great significance. The 
relation of the aortic valve to the left ventricle is im- 
portant; direct aortic-mitral continuity is present in the 
tetrad heart but is usually absent in double outlet right 
ventricle and transposition. 


Peripheral Pulmonary Stenosis 
Stenosis of the pulmonary arteries at the origins of 


TABLE V 


Miscellaneous Cardiovascular Anomalies in 36 Infants With 
Tetrad of Fallot 


Anomaly n 


Absent pulmonary valve 

Aorticopulmonary window 

Double aortic arch 

Right aortic arch 1 
Mirror image branching 
Aberrant left subclavian artery 
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FIGURE 6. Right ventriculogram, sitting (Sit) projection. The origin of 
the left pulmonary artery is atretic; the distal segment (arrow) fills 
through a patent ductus arteriosus. 


the right and left branches was present in 10 (30 per- 
cent) of the 36 babies studied, most frequently at the 
takeoff of the left from the main pulmonary artery (Fig. 
2). The stenosis was angiographically severe in five in- 
fants; in one of these the origin of the left pulmonary 
artery was atretic and filled distally through a small 
patent ductus arteriosus (Fig. 6). 

Failure to relieve severe peripheral pulmonary ste- 
nosis results in residual right ventricular hypertension 
and may be associated with dilatation of the infundib- 
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FIGURE 7. Right ventriculogram, hepatoclavicular (HCI) view. An ad- 
vantage over the sitting view is visualization of the ventricular septal 
defect. However, the infundibulum is partially obscured by the aortic 
valve. There is a mild stenosis at the origin of the left pulmonary artery. 
LV = left ventricle; RV = right ventricle. 
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FIGURE 8. Left ventriculogram, right oblique view. This is the reciprocal 
of the left angled oblique projection. It shows contrast medium entering 
the right ventricle (RV) through a malalignment (double arrows) septal 
defect and an anterior muscular defect (single arrow). Ao = aorta; LV 
= left ventricle. 


ular patch and tricuspid regurgitation. It is therefore 
necessary to display the pulmonary arteries clearly 
before operation. This is most efficiently done with right 
ventriculography using the vertical beam with the pa- 
tient in the sitting projection!? (Fig. 4) or in the hepa- 
toclavicular view’? (40° of cranial angulation and 40° 
of the left anterior obliquity) (Fig. 7). Both projections 
“look down" on the horizontally oriented pulmonary 
arteries because they employ steep cranial angulation. 
Using either of these two views, we were 96 percent 
successful in showing or excluding right and left branch 
pulmonary stenosis (Table III). The hepatoclavicular 
view, because it includes left obliquity, has the addi- 
tional advantage of showing the posterior aspect of the 
interventricular septum but the disadvantage of su- 
perimposing the right ventricular outflow tract and 
pulmonary valve on the aortic valve. 


Additional Ventricular Septal Defects 


The incidence of multiple ventricular septal defects 
in patients of all ages with tetrad of Fallot at Children's 
Hospital is approximately 7 percent. However 4 (11 
percent) of the 36 infants in this study had, in addition 
to a malalignment defect, other defects in the muscular 
septum (Table II). Another infant, with Down's syn- 
drome, had a complete A-V canal defect complicating 
tetrad anatomy; in this case the malalignment defect 
was continuous with the defect in the posterior septum 
caused by the A-V canal malformation. In our experi- 
ence with infants, these additional defects are physio- 
logically important. When unrecognized at the time of 
surgical repair, they cause a sizable left to right shunt 
in the early postoperative period, often leading to right 
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FIGURE 9. Left ventriculogram, left angled oblique (Aob) view. The 
normal left coronary arterial branching (arrowheads), malalignment 
ventricular septal defect and stenosis of the left pulmonary artery 
(arrow) are all demonstrated. 


ventricular failure and necessitating immediate reop- 
eration. 

The single best projection for evaluation of the 
muscular interventricular septum is the long axial 
oblique view? (70° of left obliquity and 20 to 25? of 
cranial angulation) of a left ventricular injection. In 
addition to display of the malalignment defect, the 
muscular interventricular septum is also well visualized 
in this projection, allowing identification of mid and 
apical muscular defects (Fig. 3). Because the flow 
through a large malalignment ventricular septal defect 
can easily obscure muscular defects, the septum must 
be carefully evaluated early in the injection, before 
dense opacification of the right ventricle occurs. The 
faster filming rate of cineangiography is superior to large 
film or rapid camera techniques for demonstration of 
these muscular defects. 

With biplane angiocardiography, the reciprocal view 
produced by the vertical beam in the long axial oblique 
projection is a right oblique projection. This view is 
particularly helpful in diagnosing anterior muscular 
defects (that is, holes in the muscular septum in the 
narrow space between the septal band and the free wall 
of the right ventricle). These anterior defects are iden- 
tifiable in this view as discrete jets seen in profile along 
the upper margin of the left ventricle (Fig. 8). Because 
right ventricular trabeculations filling from the mal- 
alignment ventricular septal defect may mimic anterior 
defects, care must be taken to see that the flow of con- 
trast material through these defects is truly from the left 
to the right ventricle. 

The presence of a complete A-V canal defect should 
be suspected in patients with tetrad anatomy and the 
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FIGURE 10. Aortic valve injection, left oblique view showing normal 
coronary arteries. The conus branch (single white arrow) is large and 
arises from the right coronary artery (R). The anterior descending artery 
(multiple arrows) arises from the left coronary artery (L). 


stigmata of Down's syndrome, and in any patient with 
signs of tetrad of Fallot and a superior, counterclockwise 
frontal plane loop in the electrocardiogram. Angiocar- 
diographically, the A-V canal defect merges with the 
malalignment defect to produce a septal hole that is 
larger than usual, extending from the posterobasilar 
part (A-V canal segment) of the septum to the aortic 
valve. This extremely large ventricular septal defect is 
best demonstrated in the hepatoclavicular view.? 


Coronary Arteries 


The 8 percent incidence rate (3 of 36) of surgically 
important coronary arterial anomalies in this series is 
similar to that of previous reports.!! One of the four 
anomalies was missed angiographically and diagnosed 
at operation; this was an accessory anterior descending 
coronary artery that arose very distally from the conus 
coronary artery and entered the interventricular groove 
at the cardiac apex (Fig. 5). This anomaly was missed 
angiographically even though injections were made in 
the aorta at the aortic valve level and the coronary ar- 
teries were well opacified and visualized in multiple 
views. Another patient suspected of having a single 
coronary artery had, in fact, a severely malrotated aorta, 
so that angiographically the right coronary artery with 
an anomalous origin of the anterior descending branch 
was superimposed in oblique views on an isolated origin 
of the circumflex coronary artery (Fig. 5). It is doubtful 
whether this anomaly could have been satisfactorily 
diagnosed without selective coronary arteriography, an 
approach that is not yet routinely practical in the 
evaluation of infants with tetrad of Fallot. Those infants 
diagnosed preoperatively as having an anomalous an- 
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terior descending coronary artery had palliative shunt 
procedures. Because no corrective surgery was at- 
tempted, verification of the coronary anomaly was not 
obtained. 

Right ventricular injections in any projection were 
insufficient for coronary arterial visualization (Table 
IV). Left ventriculography (using both venous and 
retrograde arterial catheters) displayed the coronary 
anatomy satisfactorily in 62 percent of the infants. 
However, injections in the aorta (at the valve level) 
using either venous or arterial routes were 94 percent 
successful. We now use a transvenous catheter injection 
in the left ventricle to evaluate both the interventricular 
septum and the coronary arteries (Fig. 9); if there is 
unsatisfactory coronary opacification as seen on video 
display, we make another injection at the aortic valve 
level. In most infants this aortic injection requires in- 
sertion of an arterial catheter (Fig. 10). Although we 
have previously advocated manipulation of a venous 
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catheter from the right ventricle into the aorta in old d 
patients with tetrad of Fallot,!! we have been reluctz 
to perform such a maneuver in infants with tetra 1 
anatomy who are without a functioning systemic o 
pulmonary arterial shunt. We are concerned that vig- 
orous catheter manipulation near the right ventric ; 
infundibulum may stimulate a cyanotic spell. For this 
reason, we use retrograde arterial aortography in infants 
when left ventriculography has failed to produce ade 
quate coronary visualization. 

Recently, selective coronary angiography has beed 
recommended in children as part of the preoperative 
evaluation of children with tetrad of Fallot. '2 > 
safety and efficiency of selective coronary angiography 
in infants are still unknown. However, selective ¢ 
ography may be indicated as a second or later proces 
when left ventriculography and aortography have fai 
to reasonably exclude surgically important corone 
anomalies.!? 
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Intravascular hemolysis was present in 5 of 16 children who underwent 
porcine valve replacement. Each patient had an abnormal blood smear 
pattern and reticulocytosis and one or more biochemical changes indic- 
ative of hemolysis. In all five patients, the porcine valve was calcified. 
Cardiac catheterization demonstrated severe mitral stenosis and minimal 
mitral insufficiency in each of the patients with intravascular hemolysis. 
The presence of hemolysis is indicative of valve dysfunction. 


During the last decade, the porcine valve xenograft prosthesis has been 
the artificial valve of choice in children.!-? The major advantages of tissue 
valves have been a central orifice, low profile, low rate of thromboem- 
bolism without anticoagulation and the absence of intravascular he- 
molysis.4? To date, there have been no reports of intravascular hemolysis 
after porcine xenograft valve replacement, except in the presence of 
infective endocarditis.9 The clinical, hemodynamic and hematologic data 
in five children without endocarditis who manifested intravascular he- 
molysis after porcine valve replacement form the basis of this report. 


Methods 


After the detection of gross intravascular hemolysis in one patient, the records 
of all patients with porcine valve (Hancock Laboratories, Anaheim, California) 
replacement at our institution between April 1974 and July 1979 were reviewed. 
Sixteen patients who survived porcine valve replacement were subsequently 
investigated during their admission for postoperative cardiac catheterization 
or during a clinic visit. Blood was drawn for assessment of red blood cell mor- 
phologic features, reticulocytes and plasma hemoglobin or haptoglobin levels. 


Results 


Hematologic and biochemical evidence of hemolysis (Table I): 
Five of the 16 children who had undergone porcine valve replacement 
were found to have significant hemolysis (Table I). All five patients had 
evidence on peripheral smear of red blood cell fragmentation (Fig. 1) and 
reticulocytosis. Anemia (hemoglobin less than 11.0 g/100 ml) was present 
in only one of the five and elevated total bilirubin in three. Elevated lactic 
dehydrogenase (greater than 200 IU/100 ml) and depressed haptoglobin 
were found in three of three and increased plasma hemoglobin in two 
of two patients. None of the five patients had a positive direct or indirect 
Coombs test. 

Clinical data of patients with versus those without hemolysis 
(Table II): Porcine xenografts had been placed in the mitral position 
in all 5 children with intravascular hemolysis but in only 3 of the 11 
children without hemolysis (p «0.05). The children with hemolysis were 
significantly younger at the time of valve replacement than the children 
without hemolysis (p «0.025) (Table II). There was no difference in the 
length of follow-up time in the patients with and without hemolysis 
(Table II). All five children with hemolysis were symptomatic from 
porcine valve dysfunction. Postoperative cardiac catheterization was 
performed in all 5 patients with hemolysis and in 5 of the 11 without 
hemolysis (Table III). Mild mitral insufficiency and significant mitral 
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TABLE | 


Hematologic and Biochemical Evidence of Hemolysis 1 
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Prosthetic Red Reticu- 
Valve Hemo- Blood locyte Bilirubin Plasma 3 
ze globin Cell Count T/D Haptoglobin LDH Hemoglobin 
Case Site (mm) (g/100 ml) Fragments (n) (mg/100 ml) (mg/100 ml) (IU/100 ml)  (mg/100 ml) E 
1 Mitral 19 13.0 Present 6 1.4/ND 20.0 695 — ^ 
2 Mitral 23 10.4 Present 14 2.4/0.1 2.0 — 62.3 
3 Mitral 25 14.3 Present 2.8 0.4/0.1 12 200 31.3 H 
4 Mitral 25 12.5 Present tt 4.6/1.0 — — — 
5 Mitral 19 13.3 Present 6.1 3.8/0.8 — 1020 — 
LDH = lactic dehydrogenase; ND = not determined; T/D = total/direct. 


stenosis (end-diastolic gradient 12 to 40 mm Hg) were 
present in all five patients with hemolysis. None had 
perivalvular leaks on selective left ventricular cinean- 
giography, surgery or pathologic examination. 

The mitral valve prosthesis had exhibited some de- 
gree of calcalcification in all five patients. Calcification 
was documented on plain chest X-ray film in two, flu- 
oroscopy in two and pathologic specimen in five. He- 
molysis was observed either simultaneously with or after 
the development of calcification on chest X-ray exam- 
ination or fluoroscopy. Among the 11 children with 
porcine xenograft replacement and without hematologic 
or biochemical evidence of hemolysis, only one had a 
calcified valve (p «0.01). 

After successful reoperation the hemolysis disap- 
peared in two patients (Cases 1 and 3). The other three WAGE ’ 
patients died immediately before or during reoperation FIGURE 1. Peripheral blood smear in a 13 year old boy 4 years after 


because of severe hemodynamic compromise. Hancock mitral valve replacement. Numerous schistocytes (arrows) *] 
and target cells can be seen. A 
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Discussion 
Incidence of hemolysis after valve replacement: a 
Chronic intravascular hemolysis has been a frequent TABLE Ill 
complication after cardiac valve replacement.9" Me- Hemodynamic Data in Patients With Porcine Valve [ 
chanical trauma, rather than an autoimmune mecha- Replacement 1 
nism,’ is thought to be the principal mechanism pro- | 
ducing hemolysis.9? Ball valves, as in the Starr-Edwards ———— uz : Hemoyes  - ee o 
prosthesis, appear to cause more hemolysis than tilting Patients (n) 5 5 
disc valves, as in the Bjork-Shiley prosthesis.? Hemol- Frisch 
ysis is also more frequent when the prosthetic valves are Mitral valve 5 1 
in the aortic rather than in the mitral position, probably Aortic valve 0 2 
because of differences in the intrachamber pressures, P Lene e a d ; 
defects d 
(residual or ] 
sequelae) 3 
Mitral stenosis 5 (PCW 20-50 0 
Im Mitral 5 (mid) 1 (severe) 
Clinical Data in 16 Patients With Porcine Valve insufficiency 
Replacement PAH (275% 5 1 
systemic 
i i 
Hemolysis No Hemolysis qam à : 
Patients (n) 5 11 Aortic stenosis 
Age at op (yr) 0.3-11.7 (5.8) 0.3-17.6 (11.4) Valve 0 2 (A = 60-75 
Years op 1.3-4.2 (2.9) 0.5—5.8 (3.1) mm Hg) 7 
Valve site Subvalve 2 (A = 50-75 0 1 
Mitral 5 3 mm Hg) | 
Aortic 5 Tricuspid 0 1(A = 10 
Tricuspid 0 3 2, 990008 uae uhr v uu n NM — 
Figures in parentheses indicate mean values. PAH = pulmonary arterial hypertension; PCW = pulmonary capillary 


op — operations; postop — postoperative. wedge; VSD = ventricular septal defect; A = gradient. 
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- amount of turbulence generated and associated shear 
stresses on the red blood cells.?:1? To date, however, 
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there have been no reports of intravascular hemolysis 
associated with a porcine valve in either the atrioven- 
tricular or aortic position.®!! However, hemolysis was 


. recently reported in patients with an Ionescu-Shiley 


pericardial xenograft prosthesis in the aortic position.!? 
Our five cases represent the first reported instances of 
intravascular hemolysis occurring in patients with a 
porcine xenograft in the absence of infective endocar- 


. ditis.9 


Diagnosis: Several sensitive methods have been re- 
ported to measure intravascular hemolysis with me- 


. chanical valves. These include determinations of plasma 


E 
eer 


hemoglobin, haptoglobin and serum lactic dehydroge- 


_ nase.®:!3 Our patients exhibited evidence of hemolysis 
- by one or more of the sensitive variables as well as the 


hematologic abnormalities of altered red blood cell 


. configuration and the presence of reticulocytosis. Severe 
- anemia was not observed in any patient and none re- 


quired treatment with hematinics. 
Hemolysis in children versus adults: Previous in- 
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vestigations!! in adults have failed to disclose hemolysis 
with porcine xenograft valves in the mitral position. The 
development of hemolysis in our patients with porcine 
valves in this position may be related to the rapid de- 
velopment of severe pathologic changes that occur in 
young children with porcine valve replacement.?^ In 
each of our patients, the porcine valve was calcified and 
severely stenotic. The hemolysis may thus have been 
secondary to red cell trauma caused by the turbulence 
associated with a calcific and stenotic mitral orifice. 
Surgical removal of the stenotic valve, as might be ex- 
pected, eliminated the hemolysis in our patients. The 
degree of severity of calcification or valve obstruction, 
or both, required to cause hemolysis is unclear. The 
absence of hemolysis in adults with porcine valve re- 
placement may be due to the slower rate of calcification 
or development of obstruction, or both. Because all five 
of our patients had evidence of severe valve dysfunction, 
routine screening for hemolysis by evaluating red cell 
morphology, lactic dehydrogenase and haptoglobin 
levels might provide an early warning of porcine valve 
dysfunction. 
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THE INDERAL PROMISE: FEW/ER ANGINA ATTACKS 
(PROPRANOLOL HO) = SOMETIMES NONE. 


The dread of pain. The dread of being 
hospitalized. The dread of a limited future. 
That's what angina means to your patient. But 
with INDERAL, the outlook can brighten. 


Inderal: A logical first step. When 
nitroglycerin and other conventional measures 
are inadequate, add INDERAL. It counters 
the anginal hemodynamics. Right at the start, 
INDERAL diminishes catecholamine-induced 
rise in heart rate and systolic blood pressure. 
Reduces myocardial oxygen demand. And 
brings O, supply and demand into more 
favorable balance. 


Inderal: The logic of using it first. 
Consider these well-documented benefits... 
Fewer angina attacks—sometimes even none. 
Less need for nitroglycerin—sometimes no 
need at all. And greater tolerance for exercise 
...greater freedom of action for your patient. 


(PROPRANOLOL HC) 


IN ANGINA 
PROPHYLAXIS: 
A LOGICAL CHOKE 


INDERAL is contraindicated in patients with 
bronchial asthma, allergic rhinitis, congestive 
heart failure, sinus bradycardia, and greater 
than first degree heart block. Abrupt with- 
drawal should be avoided. 

4 Please see brief summary of prescribing 
information on the following page. 
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~ BETA BLOCKER IN THE WORLD 


INDERAL 


PROPRANOLOL HCI 


FOR ANGINA 





PROPHYLAXIS 





BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal* BRAND OF PROPRANOLOL HYDROCHLORIDE A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season; 
3) sinus bradycardia and greater than first degree block, 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) in patients on 
adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 
week withdrawal period from such drugs 

WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
tion in congestive heart failure, and inhibition with beta-blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
(i.e., that of supporting the strength of myocardial contractions). In patients already receiving 


digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's negative inotrop- 


ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 
impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
response observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained on combined therapy and the patient closely 
followed until threat of cardiac failure is over. 





IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina 
and, insome cases, myocardial infarction, following abrupt discontinuation of INDERAL 
therapy. Therefore, when discontinuance of INDERAL is planned the dosage should be 
gradually reduced and the patient carefully monitored. In addition, when INDERAL 

is prescribed for angina pectoris, the patient should be cautioned against interruption or 
cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 

and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
advice in patients considered at risk of having occult atherosclerotic heart disease, 
who are given propranolol for other indications. 










IN PATIENTS WITH THYROTOXICOSIS, possibie deleterious effects from long term use have 
not been adequately appraised. Special consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycarcia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytorna, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to availeble evidence. However, in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents, e.g., isoproterenol or levarterenol. However. 
such patients may be subject to protracted severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila- 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
in«mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 





cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum recom- 


mended human dose. PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug may , 
then produce an excessive reduction of the resting sympathetic nervous activity. Occasionally, 
the pharmacologic activity of INDERAL may produce hypotension and/or marked bradycardia 
resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 


or hepatic function. ADVERSE REACTIONS 
Cardiovascular: bradycardia; corgestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, lassi- 
tude, weakness, fatigue; reversib e mental depression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability. slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, consti- 
pation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agrarulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, ser- 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been conclu- 
sively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is different for each indication. 
ORAL 
ANGINA PECTORIS —Dosage must be individualized. Starting with 10-20 mg three or four 
times daily, before meals and at bedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response is obtained. Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 
established 
If treatment is to be discontinued, reduce dosage gradually over a period of several weeks 
(See WARNINGS.) 
PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit ade- 
quate directions for use 
OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING MEA- 
SURES SHOULD BE EMPLOYED: 
BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 
CARDIAC FAILURE —DIGITALIZATION AND DIURETICS 
HYPOTENSION— VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE). 
BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 
HOW SUPPLIED 
TABLETS INDERAL (propranolol hydrochloride) 
No. 461—Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 100 and 
1,000. Also in unit dese package of 100. 
No. 462 — Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 an 
1,000. Also in unit dose package of 100. 
No. 464— Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 100 an 
1,000. Also in unit dose package of 100. 
No. 468— Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 100 an 
1,000. Also in unit dose package of 100. 
INJECTABLE 
No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The pH i 
adjusted with citric acid. Supplied as: 1 ml ampuls in boxesof 10. © 


New York, N. Y. 10017 














The traditional criteria used to rule out 
myocardial infarction (symptoms, ECG, enzymes) 
provide little support in establishing a prognosis.' 


Approximately 2096 of those discharged from a 

- CCU with "MI ruled out,” experience an acute 
infarction within 2 years.? The objective 
techniques which might distinguish such 
patients in advance (arteriography, scintigraphy, 
echocardiography) are inappropriate for use as 
routine screening procedures. Therefore, many 
patients may appear to be out of danger until the 
onset of a subsequent cardiac event. 


Laboratory Procedures-Upjohn is pleased to 
introduce a new, reference laboratory service 


which, we believe, will assist in identifying those 
“MI ruled out” patients who may be at near-term 
risk for a subsequent MI. 


Myotrac™ service includes the provision of 
specially-prepared blood collection tubes, 
comprehensive test information and, of course, 
the controlled performance of an exclusive new 
reference test (CK-Bi). In one recent study, the 
Myotrac test was performed on specimens from 
124 “MI ruled out” patients, prior to release from 
a CCU. During a six-month follow-up, there were 
24 new infarctions and three cardiac deaths 
among 40 Myotrac-positive patients. Among 84 
patients who were Myotrac-negative, there were 
no new events and no deaths. ° 


Informative literature describes the development, validation and 
practical use of this important technology. For details, simply call the toll-free 
number below and one of our representatives will contact you. 


Call: (800) 621-1776 


(In Illinois, please call collect (312) 951-7692) 


*Reference citations available on request. 
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Beta blockers 
lower cardiac output 


M ida PES 

FERE AS TR SE Ede 
Beta blockade decreases both heart rate | Ede E Pos 
and contractility, resulting in an approxi- (des Ns duum GFE 
mate 15-20 percent reduction in cardiac AW I K e 


output.' Beta blockers also help prevent 
the reflex tachycardia that occurs with 


vasodilators. 


Reference 
1. Kaplan NM. Beta blockers in the treatment of hypertension. 
Part 1. Primary Cardiol 1980 (July); 6(7):16-23. 
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ydroch loride 
hydralazine hydrochloride USP 

TABLETS 

INDICATIONS 

Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 

Hypersensitivity to hydralazine; coronary artery disease; and mitral 
valvular rheumatic heart disease. 

WARNINGS 

Hydralazine may produce in a few patients a clinica! picture simulating 
systemic lupus erythematosus. In such patients hydralazine should be 
discontinued unless the benefit-to-risk determination requires continued 
antihypertensive therapy with this drug. Symptoms and signs usually 
regress when the drug is discontinued but residua have been detected 
many years later. Long-term treatment with steroids may be necessary. 
Complete blood counts, L.E. cell preparations, and antinuclear antibody 
titer determinations are indicated before and periodically during pro- 


longed therapy with hydralazine even though the patient is asymptomatic. 


These studies are also indicated if the patient develops arthralgia, fever, 
chest pain, continued malaise or other unexplained gns or symptoms. 
A positive antinuclear antibody titer and/or positive L.E. cell reaction 
requires that the physician carefully weigh the implications of the test 
results against the benefits to be derived from antihypertensive therapy 
with merane 
Use MAO inhibitors with caution in patients receiving hydralazine. 
When other potent parenteral antihypertensive drugs, such as diazoxide, 
are used in combination with hydralazine, patients should be continu- 
ously observed for several hours for any excessive fall in blood pressure. 
Profound hypotensive episodes may occur when diazoxide injection and 
Apresoline (hydralazine hydrochloride) are used concomitantly. 
in Pregnan 

Animal studies indicate that hydralazine is teratogenic in mice, possibly 
in rabbits, and not in rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. Although clinical 
experience does not include any positive evidence of adverse effects 
on the human fetus, hydralazine should not be used during pregnancy 
unless the expected benefit clearly justifies the potential risk to the fetus. 
PRECAUTIONS 
Myocardial stimulation produced by Apresoline can cause anginal 
attacks and ECG changes of myocardial ischemia. The drug has been 
implicated in the production of myocardial infarction. It must, therefore, 
be used with caution in patients with suspected coronary artery disease. 
The "hyperdynamic" circulation caused by Apresoline may accentuate 
specific cardiovascular inadequacies. An example is that Apresoline 
may increase pulmonary artery pressure in patients with mitral valvular 
disease. The drug may reduce the pressor responses to epinephrine. 
Postural hypotension may result from Apresoline, but is less common 
than with ganglionic blocking agents. Use with caution in patients with 
cerebral vascular accidents. 
In hypertensive patients with normal kidneys who are treated with 
Apresoline, there is evidence of increased renal blood flow and a 
maintenance of glomerular filtration rate. In some instances improved 
renal function has been noted where control values were below normal 
prior to Apresoline administration. However, as with any antihypertensive 
agent, Apresoline should be used with caution in patients with advanced 
renal damage. 
Peripheral neuritis, evidenced by paresthesias, numbness, and tingling, 
has been observed. Published evidence suggests an antipyridoxine 
effect and the addition of pyridoxine to the regimen if symptoms develop. 
Blood dyscrasias, consisting of reduction in hemoglobin and red cell 
count, leukopenia, agranulocytosis, and purpura, have been reported. If 
such abnormalities develop, discontinue therapy. Periodic blood counts 
are advised during prolonged therapy. 
The Apresoline tablets (10 and 100 mg) contain FD&C Yellow No. 5 
(tartrazine) which may cause allergic-type reactions (including bronchial 
asthma) in certain susceptible individuals. Although the overall inci- 
dence of FD&C Yellow No. 5 (tartrazine) sensitivity in the general 
poo is low, it is frequently seen in patients who also have aspirin 

ypersensitivity. s 
ADVERSE REACTIONS 
Adverse reactions with Apresoline are usually reversible when dosage 
is reduced. However, in some cases it may be necessary to discontinue 
the drug. 
Common: Headache; palpitations; anorexia; nausea; vomiting; diarrhea; 
tachycardia; angina pectoris. 
Less frequent: Nasal congestion; flushing ; lacrimation; conjunctivitis; 
peripheral neuritis, evidenced by paresthesias, numbness, and tingling; 
edema; dizziness; tremors; muscle cramps; psychotic reactions charac- 
terized by depression, disorientation, or anxiety; hypersensitivity 
(including rash, urticaria, pruritus, fever, chills, arthralgia, eosinophilia, 
and, rarely, hepatitis); constipation; difficulty in micturition; dyspnea; 
paralytic ileus; lymphadenopathy; splenomegaly; blood dyscrasias, con- 
sisting of reduction in hemoglobin and red cell count, leukopenia, agran- 
ulocytosis, and purpura; hypotension; paradoxical pressor response. 
DOSAGE AND ADMINISTRATION 


- Initiate therapy in gradually increasing dosages; adjust according to 


individual response. Start with 10 mg 4 times daily for the first 2 to 

4 days, increase to 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage to 50 mg 4 times daily. 
For maintenance, adjust dosage to lowest effective levels. 

The incidence of toxic reactions, particularly the L.E. cell syndrome, 

is high in the group of patients receiving large doses of Apresoline. 

In a few resistant patients, up to 300 mg Apresoline daily may be 
required for a significant antihypertensive effect. In such cases, a lower 
dosage of Apresoline combined with a thiazide, reserpine, or both may 
be considered. However, when combining therapy, individual titration is 
essential to insure the lowest possible therapeutic dose of each drug. 


C80-15 (1/80) 
Consult complete product literature before prescribing. 126-6029-A 
CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 CI B A 





For every professional with an 
interest in Exercise and the Heart. 


EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 1 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, : 
Univ. of Calif. School of Medicine 4 


Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in’ 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG r 

O Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 


Yorke Medical Books 
666 Fifth Avenue, New York, N.Y. 10103 


Please send me a copy of EXERCISE in Cardiovascular Health and Diseas 
for 30 days free examination and use. If | decide to keep it, your invoic 
will be honored ($33.00 plus shipping cost). Otherwise, the book will b 
returned for full refund or credit. 


C Full payment enclosed, publisher pays shipping. 
O Please bill me, plus cost of shipping. 
O Charge my credit card: [7] MasterCard [] Visa. 
Gard NO. eie AS DET Oo Oe 
New York residents add applicable sales tax. Countries outside Weste 
Hemisphere add $5.00 per copy. 


AJC 6/8 


Name 
Address 

-. 
olde o Tur ————smee 00 0 eet 





MEET THE NEWEST MEMBER OF 
THE PHYSIO-CONTROL FAMILY... 
THE EXCITING NEW LIFEPAK 7 


Presenting the new Lifepak 7 defibrillator/monitor. It's 
a back-to-basics acute cardiac care system designed 
for general use throughout the hospital. 


Because we've kept it simple, the price is dramatically 
lower than our more sophisticated Lifepak 6. And yet, the 
Lifepak 7 has everything you really need for basic 
defibrillator/monitor applications: AC or battery power. 
Non-fade scope. Recorder and digital heart rate meter. 
Three-lead select. Delivered energy from 5 to 360 joules. 
Quik-Look® paddles. Plus Physio-Control's one-two-three 
defibrillator operation system. 


And, although the Lifepak 7 is definitely basic in design, 
there has been absolutely no compromise in quality or 
reliability. And like all Physio-Control products, the 
Lifepak 7 is backed by our own worldwide service 
team—the largest, best-trained, most dedicated service 
organization in our industry. 


We think the Lifepak 7 fills a real need. Our goal is to make 
it financially possible for every hospital to have superior 
quality, technologically-advanced cardiac emergency 
equipment. 


Your Physio-Control representative has the whole story. Call 
now for a demonstration and quotation. 

Physio-Control, Lifepak and Quik-Look are trademarks of Physio-Control 
Corporation. 


Physio-Control Corporation is the world leader in acute cardiac care 
systems. Redmond, Washington 98052 USA (206) 881-4000 Domestic 
Telex 320268. International Telex: 320166. 
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The New Annual providing a multidisciplinary approach 


to the latest, most important information on the state- 
of- the- art of cardiovascular medicine and surgery - 
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1981 


pou 


WILLIAM C. ROBERTS, MD 
DEAN T. M SON, MD 
MARY ALLEN ENGLE, MD 


LAWRENCE H. COHN, MD 
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What is CARDIOLOGY: 1981 ? CARDIOLOGY: 1981 provides in a concise and readable 
e The first in an annual series to be published in the format and style fundamental and new information essential 
SPRING each year to understanding the current thinking on managing 


cardiovascular disease. It coordinates what's new with well- 
established data, arming the reader with a perspective on 
the field which is simply unavailable elsewhere. Its liberal 


€ A review of the year's newest and most important 
developments in cardiology —452 papers 


€ A multidisciplinary approach to clinical and applied use of illustrations and original tables condenses valuable 
research based on an exhaustive search of the year's information into instantly understandable knowledge. 
literature . r 

€ A unique, cohesive summary of the state-of-the-art, Table of Contents in brief 
written, not edited, by those making outstanding 1. Coronary Heart Disease: General Aspects 
developments in the field 2. Acute Myocardial Infarction 


€ A practical approach to a complicated and fast-moving 5 deno Vs di Marii. 


subject designed to be read and used daily S. ValuilaF Heart Diacabe 


CARDIOLOGY: 1981 is NOT 6. Myocardial Heart Disease 


€ A collection of unrelated reviews 4 Ea T E rt Failure 


€ An abstracting service 9. Echocardiography: Miscellaneous Topics 
€ A rehash of materials readily available elsewhere 10. Related Topics 
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v; PECI/ —— Yorke Medical Books, 666 Fifth Avenue, New York, NY 10103 AJC 6/81 


O Please send me a copy of the first edition at the full price of $39.50. | do not wish to 
place a standing order. 





O Enclosed is my check fot. 1. .— à. Yorke pays postage and handling. 
(Same return privilege) 
(New York residents add appropriate sales tax. Add $5.00 for orders outside the U.S. and Canada) 


O Please bill my O VISA O MasterCard (same return privilege) 
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To assess the effects of verapamil and nifedipine on left ventricular 


function at rest and during exercise in patients with Prinzmetal's varia t 


angina pectoris, 10 patients (6 men and 4 women with a mean age of 52 
years) with variant angina were each treated for 2 month periods with 
placebo, verapamil (400 + 80 mg/day, mean + standard deviation [SD] 
and nifedipine (82 + 31 mg/day). During the final week of each 2 e 
treatment period equilibrium gated blood pool scintigraphy was perf 

at rest and during exercise. At rest, heart rate during verapamil thera ) 
was lower than during treatment with nifedipine; systolic blood pressure 
and left ventricular volumes and ejection fraction were similar for the three 
interventions. The maximal work load achieved was similar during pla- 
cebo, verapamil and nifedipine therapy. At the maximal work load com- 
mon to all three exercise studies, heart rate and systolic blood pressure 
were lower with verapamil than with placebo and nifedipine; ventricular 
volumes and ejection fraction were similar with the three agents. Thus, 
in patients with variant angina and a wide range of left ventricular function 


 atrest, neither verapamil nor nifedipine significantly alters left ventricular 


volumes or ejection fraction at rest or during exercise. 


Over the past 10 to 15 years a group of pharmacologic agents known as 
“slow channel” calcium antagonists have been utilized outside the United 
States for the treatment of ischemic heart disease, and several of these 
drugs are now undergoing clinical trials in this country. These agents 
antagonize the movement of calcium from the extracellular to the in- 
tracellular space in both cardiac and arterial smooth muscle and, as a 
result, may diminish both arterial tone and myocardial contractility. Of 
the available calcium antagonists, verapamil and nifedipine appear 
promising in the therapy of ischemic heart disease, especially in patients 
with variant angina pectoris, in whom coronary arterial spasm is clearly 
operative. Although both agents reduce arterial tone,!-4 they exert 
substantially different influences on myocardial performance. Verapamil 
has been shown to reduce myocardial performance in vitro? and in vivo®® 
at relatively high concentrations, but its negative inotropic potency at 
therapeutic concentrations remains uncertain. In contrast, nifedipine 
does not exert a demonstrable negative inotropic influence, even at high 
concentrations. The present study was performed to compare the effects 
of long-term oral administration of verapamil and nifedipine on left 
ventricular function both at rest and during exercise in patients with 
Prinzmetal’s variant angina pectoris. 


Methods 


Study patients: Ten patients (six men and four women with an average age 
of 52 years) were diagnosed as having Prinzmetal's variant angina pectoris after 
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they had óne or more episodes of angina at rest associated with 
reversible S-T segment elevation in at least 2 of the 11 stan- 
dard electrocardiographic leads (excluding lead aVR). In as- 
sociation with these episodes, none of the patients demon- 
strated electrocardiographic or enzymatic evidence of myo- 
cardial necrosis. At cardiac catheterization, 8 of the 10 had 
cores normal coronary arteries, one had single 
vessel coronary artery disease (70 percent or greater narrowing 
- of luminal diameter), and one had triple vessel coronary artery 
disease. One patient had had three prior myocardial infarc- 
tions presumably because of coronary arterial spasm. In 7 of 
the 10 patients coronary spasm was provoked with intrave- 
mous ergonovine maleate; the other 3 did not receive ergono- 
vine, because a clinical diagnosis of variant angina was clearly 
established. 
_ Treatment regimen: After the diagnosis of variant angina 
pectoris was established and informed consent was obtained, 
each patient was begun on a therapeutic trial of 10 months’ 
duration. The first 8 months consisted of four 2 month periods 
during which placebo and verapamil* (mean + standard de- 
-viation [SD] 400 + 80 mg/day standard deviation in three to 
six equal doses; range, 240 to 480 mg/day) were administered 
as part of a double-blind, randomized, double-crossover trial; 
during the final 2 months nifedipine? (82 + 31 mg/day in four 
_ to six equal doses; range 40 to 160 mg/day) was administered 
as an “open label" medication, that is, neither blinded nor 
[ randomized. In all patients verapamil and nifedipine were 
- administered in dosages that afforded maximal relief of angina 
- without limiting side effects. In addition to placebo, verapamil 
- or nifedipine, 8 of the 10 patients received throughout the 10 
- months of study a stable dosage of oral isosorbide dinitrate 
-. (138 + 56 mg/day in four to six divided doses; range 40 to 200 
_ mg/day). 
| Resting and exercise radionuclide ventriculography: 
During the final week of the last three of the five 2 month 
‘treatment periods (that is, at the end of months 6, 8 and 10), 
j each patient underwent equilibrium gated blood pool scin- 
[ tigraphy at rest and during supine bicycle exercise. All exercise 
- studies were performed 1 to 2 hours after a regularly scheduled 
dosage of medication (placebo, verapamil or nifedipine). 
. Multigated equilibrium blood pool imaging was performed 
- after in vivo labeling of red blood cells with 30 mCi of tech- 
- netium-99m sodium pertechnetate, according to the technique 
: previously described.?!° Data collection was performed with 
_a portable gamma scintillation camera (Ohio Nuclear, series 
- 100) equipped with an all purpose parallel hole collimator and 
 interfaced to a dedicated on-line computer system (Ohio 
"Nuclear VIP-450). Resting and exercise gated blood pool 
- scintigrams were obtained in a modified left anterior oblique 
projection; the angle of obliquity was adjusted to allow the 
clearest separation between the ventricles while minimizing 
the interventricular septal thickness. Resting images were 
- acquired for: (1) a predetermined number of cardiac cycles, 
so that the total acquisition time was 5 to 8 minutes, (2) 32 
- frames/cardiac cycle, and (3) 100 percent of the cardiac cycle. 
This resulted in a minimum of 150,000 counts/frame of the 
- study. 

Each subject's feet were elevated and attached to the bi- 
cycle pedals before beginning the exercise study. After a 3 
minute equilibration period, an additional resting scintigram 
. was obtained to assess the effect of leg elevation on the vari- 

ables measured. These and subsequent exercise images were 
acquired for: (1) a predetermined number of cardiac cycles so 
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* Generously supplied by Knoll Pharmaceutical Company, Whippany, 
New Jersey. 

t Generously supplied by Pfizer Pharmaceutical Co., New York, New 
York. 
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that the total acquisition time during exercise was 3 minutes, 
(2) 32 frames/cardiac cycle, and (3) 100 percent of the cardiac 
cycle. This provided a minimum of 100,000 counts/frame at 
peak exercise. Imaging was performed at each work load, be- 
ginning at 150 kilopond-meters (kp-m)/min and continuing 
until the termination of the test. At the beginning of the first 
and each subsequent work load, the subject exercised for 1 
minute before beginning the 3 minute imaging period. This 
allowed the heart rate to reach a new steady level and unin- 
terrupted gating to occur. During the acquisition of scintig- 
raphic data, heart rate did not vary by more than 15 percent 
of the value recorded at the start of the acquisition period. The 
Frank lead system or a truncal 12 lead system was used for 
electrocardiographic monitoring, and the blood pressure 
was recorded by auscultation at rest and during each work 
load. | 

Left ventricular volume and ejection fraction were deter- 
mined with a nongeometric technique developed and vali- 
dated in our laboratory!!!2 and utilized by others.!? 

Data analysis: During each of the three exercise studies, 
the maximal achieved work load was determined. Both at rest 
and during the maximal work load common to all three exer- 
cise studies, the following variables were analyzed: heart rate, 
systolic blood pressure, left ventricular end-diastolic volume 
index, left ventricular end-systolic volume index and left 
ventricular ejection fraction. For each variable (at rest or 
during exercise) a repeated measures analysis of variance was 
performed to determine if two or more groups were different 
from one another, after which the groups were compared using 
the Newman-Keuls multiple comparison procedure.!4:!° When 
changes from rest to exercise were assessed for one of the three 
agents, the paired t test was employed. A probability (p) value 
of less than 0.05 was considered significant. 


Results 


Clinical and electrocardiographic response to 
therapy: The number of chest pains/week, the number 
of nitroglycerin tablets used/week and the number of 
transient S- T segment deviations/week on calibrated 
two channel ambulatory electrocardiographic moni- 
toring were similar during treatment with verapamil 
and nifedipine and significantly lower than during 
placebo therapy. During verapamil therapy, the fre- 
quency of chest pain, nitroglycerin utilization and S-T 
segment deviations decreased by 71 + 38, 74 + 39 and 
71 + 32 percent, respectively, whereas during treatment 
with nifedipine, these variables were reduced by 65 + 
37,57 + 35 and 58 + 41 percent, respectively. 

During placebo therapy, there were no adverse ef- 
fects. During verapamil therapy, one patient had pal- 
pitations (in conjunction with an accelerated nodal 
rhythm on Holter monitor recording), one had asymp- 
tomatic sinus pauses of 2 seconds’ duration during sleep, 
and two patients had mild constipation. None of these 
effects forced a discontinuation or marked reduction in 
verapamil dosage. During nifedipine therapy, six pa- 
tients complained of adverse effects: two had orthostatic 
hypotension, one pedal edema and three had nausea, 
anorexia and nonorthostatic dizziness. 

Maximal achieved work load: The maximal! work 
load achieved by each patient was similar during the 
three treatment periods: 360 + 128 kpm during placebo, 
358 + 98 kpm during verapamil and 355 + 135 kpm 
during nifedipine therapy (Fig. 1). Of the total «£30 
exercise studies, 28 were terminated because of leg fa- 
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FIGURE 1. Maximal achieved work load, in kilopond meters/min, during 
supine bicycle exercise during placebo, verapamil and nifedipine 
therapy. Each line represents the data from one patient, and the mean 
values + standard deviation are depicted on either side of the lines. 
There are no differences in mean values during the three treatment 
periods. 


Verapamil Nifedipine 


tigue or breathlessness and the other 2 because of chest 
pain. 

Resting and exercise hemodynamics and left 
ventricular volumes: Resting heart rate was lower 
during verapamil therapy than during treatment with 
nifedipine, whereas systolic blood pressure was similar 
during treatment with placebo, verapamil and nifedi- 
pine. At the peak work load common to all three exercise 
studies, heart rate and systolic blood pressure increased 
during treatment with all three agents. At this work load 
heart rate remained lower during verapamil therapy, 
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FIGURE 2. Heart rate (top panel) and systolic blood pressure (bottom E 
panel) at rest (R) and at the maximal work load common to all three 
exercise studies (E) for the three treatment periods. Each line represents 
the data from one patient, and the mean values + standard deviation 


are shown on either side of the lines. At rest, verapamil induced a slight 


decrease in heart rate in comparison with nifedipine; with exercise, 


4 


vg 


heart rate was lower during treatment with verapamil than during — 
treatment with placebo or nifedipine. At rest, systolic blood pressure - 


was similar for all three regimens; during exercise, systolic blood - 


pressure during verapamil therapy was lower than during placebo 


therapy. * p (probability) «0.05 compared with the same pharmacologic 1 
agent at rest; ! p «0.05 compared with nifedipine at rest; a = p «0.05 — 
compared with both placebo and nifedipine during exercise; b — p | 


«0.05 when compared with placebo during exercise. 


Hemodynamic Variables at Rest and During Exercise for Each of the 10 Patients 
C. L.C IDEEN ND uere LE Se Dae aa ee del m c CORN ee eS D 


Peak Work Load Placebo 
Common to 
All Three HR SBP 
Exercise Tests 
Case (kpm) R E R E R 
1 450 76 115 120 180 72 
2 300 96 140 150 190 73 
3 300 74 132 180 220 72 
4 450 72 131 100 170 80 
5 150 67 112 140 190 65 
6 300 78 120 125 170 74 
7 450 92 128 130 210 84 
8 150 83 132 114 194 71 
9 300 75 130 160 200 76 
10 450 55 125 110 142 52 
Mean 77 127" 133 187* 721 
SD 12 9 25 22 9 
* p <0.01 when compared with the same pharmacologic agent at rest; 


with both placebo and nifedipine; $ = p «0.05 when compared with plac 
Exercise; HR = heart rate (beats/min); kom = kilopond-meters; R 


tion. 
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Verapamil Nifedipine 
HR SBP HR SBP 

E R E R E R E 
112 115 160 68 118 120 | 150 
128 140 170 92 135 130 | 176 
110 130 160 75 136 170 X 196 
120 106 165 81 123 110 — 140 
100 140 160 72 108 160 180 
112 124 160 88 135 120 174 
122 140 190 87 123 130 210 
139 124 190 83 132 120 . 170 
124 160 176 83 122 114 170 
110 116 170 66 136 110 . 170 
118+ 130 1708 80 127* 128 174* 
11 16 12 9 10 21 20 


t p <0.05 when compared with nifedipine; * = p «0.05 when compared 
ebo. 
— rest; SBP — systolic blood pressure (mm Hg); SD — standard devia- 
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and systolic blood pressure was lower during verapamil 
treatment than during placebo (Table I, Fig. 2). Resting 
end-diastolic volume index, end-systolic volume index 
and ejection fraction did not differ significantly among 
the three treatment periods. At the peak work load 
u- : common to all three exercise tests, end-diastolic volume 


Lu c 
o . è . . A 
r |SHOHOOOROOOH| € index increased slightly during verapamil therapy 
aiad aa 2 (Table II, Fig. 3), and ejection fraction increased durin 
$ > : 
75 treatment with all three pharmacologic agents (‘Table 
z ia lo Ares! S II, Fig. 4). At this work load, left ventricular volumes 
c b amd e . . . . . . 
T S and ejection fraction were similar with the three agents 
2189 " (Table II, Fig. 3 and 4). 
z ciSeoQOSQu- Nqoo| A 
E o Discussion 
o Recent interest in the treatment of ischemic heart 
uleoRedG-odnomrmeodn, I disease has focused on the use of a group of pharmaco- 
CN = oc . . . 
I; - logic agents known as calcium antagonists. These 
Q S drugs—perhexiline maleate, prenylamine, diltiazem, 
NONODODMONONMD o . . nA . 
clOnRRTONMMODDT| GF verapamil, and nifedipine—exert a powerful dilator 
va 2 unc = A , 
5 influence on vascular smooth muscle throughout the 
: = body, including the coronary arteries. In studies per- 
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* p <0.05 when compared with the same pharmacologic agent at 
rest. 
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FIGURE 4. Left ventricular ejection fraction at rest (R) and at the max- 
imal work load common to all three exercise studies (E) for the three 
therapy periods. Each line represents the data from one patient, and 
the mean values + standard deviation are depicted on either side of 
the lines. At rest and during exercise, values during the three treatment 
periods were similar. * p «0.05 when compared with the same phar- 
macologic agent at rest. 


formed thus far, the calcium antagonists have appeared 
highly efficacious in the therapy of stable, exertional 
angina pectoris, unstable angina pectoris and 
Prinzmetal’s variant angina pectoris.!9 In addition, 
preliminary studies!?-1? indicate that they may be of 
benefit in the treatment of acute myocardial infarction 
and in the protection of ischemic myocardium during 
cardiopulmonary bypass. 

Comparison of verapamil and nifedipine: Of the 
available calcium antagonists, verapamil and nifedipine 
appear to have substantial clinical utility. Both agents 
are extremely effective in relaxing arterial smooth 
muscle, leading to arterial dilatation. However, these 
two agents are substantially different in several im- 
portant respects. First, verapamil diminishes both the 
rate of spontaneous impulse initiation by the sinoatrial 
node?? and the rate of conduction through atrioven- 
tricular (A-V) tissue.?! It is an extremely efficacious 
agent in the therapy of supraventricular tachyar- 
rhythmias,??2? but it must be administered with some 
care, because it can profoundly depress sinus nodal 
function and can lead to high degrees of A-V block.§ In 
contrast to verapamil's important influence on the 
cardiac conduction system, nifedipine appears com- 
pletely devoid of an antiarrhythmic effect. Even when 
administered in large doses, nifedipine has not been 
reported to cause sinus or A-V nodal dysfunction. 

Second, high concentrations of verapamil were 
shown to reduce myocardial contractility both in vitro? 
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and in vivo,9-? but lower concentrations did not exert 
such an effect. Recent studies demonstrated that in 
travenously administered verapamil exerted only : 
negligible negative inotropic influence in healthy vol- 
unteers*4 and in patients with documented coronari 
artery disease.*° However, previous studies did not as- 
sess the effects of the long-term oral administration o 
verapamil on left ventricular function. Whereas there 
is concern about verapamil’s negative inotropic influ- 
ence, nifedipine appears to have little, if any, depressant 
effect on left ventricular performance. For this reason, 
nifedipine generally is recommended in preference to 
verapamil for the patient with ischemic heart disease 
and associated left ventricular dysfunction. ; 

Left ventricular performance during therapy 
with verapamil and nifedipine: Because of the con- 
tinuing uncertainty concerning the relative influences 
of verapamil and nifedipine on left ventricular perfor 
mance, the present study was designed to compare th 
two calcium antagonists directly. Each of 10 patien | 
with documented variant angina pectoris resend 







equilibrium gated blood pool scintigraphy at rest an 
during supine bicycle exercise during long-term treat 
ment with placebo, verapamil and nifedipine. For each 
of the three exercise studies, the maximal achieved work 
load was similar. At rest and during exercise, verapamil 
induced modest reductions in heart rate and systolic 
blood pressure. Left ventricular volumes and ejection 
fraction were similar during the three treatment periods 
both at rest and during exercise. Such stability of left 
ventricular performance during therapy with placebo, 
verapamil and nifedipine occurred even in the two pa- 
tients with depressed left ventricular function. Specif- 
ically, 2 of the 10 patients had a resting left ventricular 
ejection fraction during placebo therapy of 0.26 and 
0.46, respectively. Symptomatically, these patients 
tolerated verapamil (daily doses of 320 and 240 mg, re- 
spectively) and nifedipine (daily doses of 60 and 40 mg, 
respectively) without difficulty. During verapamil 
therapy, the resting left ventricular ejection fraction for 
these two patients increased to 0.32 and 0.51, respec- 
tively; during nifedipine therapy, it was 0.26 and 0.50, 
respectively. 

The dosages of verapamil (400 + 80 mg/day) and ni- 
fedipine (82 + 31 mg/day) administered were chosen so 
as to provide maximal relief of angina without causing 
limiting adverse effects. They are comparable with 
dosages employed in previous studies? in the therapy 
of variant angina pectoris. In the 10 patients studied, 
these dosages of verapamil and nifedipine induced a 
marked reduction in the frequency of anginal episodes, 
nitroglycerin consumption and transient S- T segment. 
deviations on two channel ambulatory electrocardio- 
graphic monitoring. Thus, although the dosages of 
verapamil and nifedipine used were clinically effica- 
cious, neither agent caused a deterioration of left ven- 
tricular performance, either at rest or during exer- 
cise. 

Therapeutic implications: Verapamil and nifedi-- 


pine both appear to be promising agents in the treat- 
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ent of ischemic heart disease. Although previous 
udies have shown that high concentrations of intra- 
snously administered verapamil exert a substantial 
sgative inotropic influence, this study demonstrates 
iat long-term, orally administered verapamil does not 
lversely affect left ventricular performance, either at 
ist or during exercise. Thus, in the patient with 
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symptomatic variant angina in need of an effective 
therapeutic agent, either verapamil or nifedipine can 
be administered safely. 
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To assess the relative efficacy of verapamil, nifedipine and placebo in 
the therapy of patients with variant angina pectoris, 10 such patients (6 
men and 4 women, average age 52 years) were treated for 2 month pe- 
riods with verapamil (mean + standard deviation 400 + 80 mg/day in 
three to six equal doses; range 240 to 480 mg/day), nifedipine (82 + 31 
mg/day in four to six equal doses; range 40 to 160 mg/day) and placebo. 
Eight of the 10 patients were maintained throughout the study on a stable 
regimen of oral isosorbide dinitrate (137 + 56 mg/day in four to six equal 
doses; range 40 to 200 mg/day). Before the study, all underwent cardiac. 
catheterization: eight had no fixed coronary artery disease, one had single 
vessel and one had triple vessel disease. Two patients had been resus- 
citated from sudden cardiac death before the study. Each patient un- 
derwent calibrated two channel ambulatory electrocardiographic moni- 
toring for 24 hours during each week of the study. . 

During each 2 month period, the following data were quantitated: (1) 
chest pains per week, (2) nitroglycerin tablets used per week, (3) required 
hospitalizations for clinical instability, (4) adverse effects, and (5) epi- 
sodes of transient S-T segment deviation on ambulatory monitoring. The 
number of chest pains per week, the number of nitroglycerin tablets used 
per week and the number of transient S-T segment deviations on cali- 
brated two channel ambulatory electrocardiographic monitoring were 
similar during treatment with verapamil and nifedipine and less than with 
placebo. Hospitalization for clinical instability was required in two patients 
taking placebo and in two taking nifedipine; no patient required hospi- 
talization during treatment with verapamil. Verapamil caused mild con- 
stipation in two patients, sinus nodal pauses in one patient and palpitations 
in one; none of these effects forced a discontinuation or substantial re- 
duction in dosage. In contrast, the dosage of nifedipine was reduced be- 
cause of induced orthostatic hypotension in two patients, marked pedal 
edema in one patient and nausea, anorexia and nonorthostatic dizziness 
in three. Thus verapamil and nifedipine showed similar efficacy in the 
treatment of variant angina, although nifedipine was associated with more 
substantial adverse effects than either placebo or verapamil in this small 
number of patients. 


Over the past 10 to 15 years a group of pharmacologic agents known as 
calcium antagonists has been used extensively outside the United States 
for the treatment of several different forms of ischemic heart disease, 
including variant angina pectoris. These agents inhibit the movement 
of calcium from the extra- to the intracell space in both cardiac and ar- 
terial smooth muscle and, as a result, may diminish both arterial tone 
and myocardial contractility. Of the available calcium antagonists, 
verapamil and nifedipine appear promising in the therapy of variant 
angina. Preliminary reports!-? have shown that both agents are effica- 
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ous in this syndrome. This study was performed to 
»mpare their efficacy in patients with variant an- 
na. 


Methods 
tudy Patients 


Ten patients (six men and four women, average age 52 
'ars) were diagnosed as having Prinzmetal's variant angina 
:ctoris after they had one or more episodes of angina at rest 
sociated with reversible S- T segment elevation of at least 
2 mV on electrocardiography. In 8 of the 10 patients, the S-T 
ment elevation occurred in one or more of the 11 standard 
ectrocardiographic leads (excluding aVR); in the other two, 
ultiple episodes of S- T segment elevation of at least 0.2 mV 
ere recorded on a calibrated two channel Holter monitor. In 
isociation with these episodes, no patient demonstrated 
ridence of myocardial necrosis on electrocardiographic, en- 
rmatic (as assessed by serum creatine kinase and creatine 
nase MB isoenzyme measurements) or scintigraphic (as 
valuated by technetium stannous pyrophosphate imaging) 
udy. 

At cardiac catheterization, 8 of the 10 patients had no fixed 
yronary artery disease (defined as at least 70 percent nar- 
wing of luminal diameter), one had single vessel and one had 
iple vessel coronary artery disease. During the months before 
arollment in the study, one patient with angiographically 
ormal coronary arteries had three myocardial infarctions and 
ne episode of sudden cardiac death from which he was 
:suscitated, all presumably due to coronary arterial spasm; 
nother patient with only a 20 percent fixed stenosis of the 
roximal right coronary artery had survived an episode of 
1dden death. The criteria that served as bases of exclusion 
'om the study are shown in Table I. 


tudy Design 


After the diagnosis of variant angina pectoris was estab- 
shed, a therapeutic trial of 10 months' duration was begun 


ABLE | 
ases of Exclusion From Study 


nderlying diseases 

Congestive heart failure (manifested by cardiomegaly, hepatomegaly, 
alveolar rales, S4, venous hypertension, pulmonary capillary wedge 
pressure >12 mm Hg, cardiac index «2 liters/min) 

Uncontrolled systemic arterial hypertension (diastolic blood pressure 
2115 mm Hg) 

Hypotension (systolic blood pressure <90 mm Hg) 

Associated valve or congenital cardiac disease 

Azotemia (serum creatinine >2 mg percent) 

Clinically important hepatic disease (serum bilirubin 72 mg percent, 
serum glutamic oxaloacetic transaminase or serum glutamic pyruvic 
transaminase three times the upper limit of normal) 

Clinically important electrolyte imbalance 

Insulin-dependent diabetes mellitus 

Myocardial infarction within 3 months of study 

A terminal illness of any sort 

Sick sinus syndrome (without a functioning ventricular pacemaker) 

lectrocardiographic abnormalities 

Left bundle branch block 

Severe bradycardia (<50 beats/min) 

Second or third degree atrioventricular block 

Atrial flutter or fibrillation 

Preexcitation syndrome 

'oncomitantly administered medications 

Disopyramide 

Beta adrenergic blocking agents 

Another investigational drug 

liscellaneous 

Reluctance to give informed consent 
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in each patient. The first 8 months consisted of 4 two month 
periods during which placebo and verapamil* (mean + stan- 
dard deviation 400 + 80 mg/day in three to six equal doses; 
range 240 to 480 mg/day) were administered as part of a 
double-blind, randomized, double crossover trial. During the 
final 2 months, nifedipine! (82 + 31 mg/day in four to six equal 
doses; range 40 to 160 mg/day) was administered as an “open 
label" medication (that is, neither blinded nor randomized).' 
In all patients verapamil and nifedipine were administered 
in dosages that afforded maximal relief of angina without 
limiting adverse effects. In addition to treatment with placebo, 
verapamil and nifedipine, 8 of the 10 patients were treated 
throughout the study with oral isosorbide dinitrate (137 + 56 
mg/day in four to six divided doses; range 40 to 200 mg/ 
day). 


Variables Analyzed 


Clinical response to therapy: During the study, each of 
the 10 patients was seen at least monthly by one of the in- 
vestigators, and the following were quantitated: (1) episodes 
of angina per week (recorded daily by the patient in a diary), 
(2) sublingual nitroglycerin tablets consumed per week (re- 
corded daily by the patient in a diary), (3) adverse effects, and 
(4) hospitalizations required because of failure of treatment 
and clinical instability. 

Electrocardiographic response to therapy: For 24 hours 
during each week of the study, each patient underwent cali- 
brated two channel ambulatory electrocardiographic moni- 
toring. Two bipolar monitoring leads were used. Channel 1 
recorded a QRS-T complex resembling lead V5 or standard 
lead II in a 12 lead electrocardiogram from an exploring 
electrode at the V5 or Vg position and a reference electrode to 
the right of the manubrium sterni. Channel 2 recorded a 
QRS-T complex that resembled lead V; or V» in a 12 lead 
electrocardiogram from an exploring electrode at the fourth 
or fifth intercostal space to the right of the sternum and a 
reference electrode to the left of the manubrium sterni. The 
fifth (ground) electrode was placed in the V5R position. Thus, 
channel 1 was an inferolateral channel, and channel 2 an an- 
teroinferior channel. Before the initial Holter monitor was 
recorded in each patient, the signal from each channel was 
recorded on a standard electrocardiograph with the patient 
standing, sitting, supine and lying on the left and right sides, 
as well as during hyperventilation. The complexes were ex- 
amined to ensure that changes in position and in breathing 
did not cause S- T segment deviations. 

Each patient returned weekly to have a Holter monitor 
attached by one of us or the technical assistants, after which 
normal activity was resumed. Twenty-four hours later, the 
patient returned to have the Holter monitor removed. Before 
each recording period, the recorder (DelMar Avionics Elec- 
trocardiocorder, model 445, DelMar Avionics Corp, Irvine, 
California) was loaded with a new magnetic tape reel, and a 
1 mV calibration test signal was recorded for 3 minutes. Then, 
after the patient cable was attached to the Holter recorder, 
the clock contained within the recorder was set, and the pa- 
tient was instructed to use the event signal button when chest 
pain occurred. In addition, he was instructed to maintain a 
written diary of symptoms and activities during the moni- 
toring period. 


* Kindly supplied by Knoll Pharmaceutical Company, Whippany, New 
Jersey. 

* Kindly supplied by Pfizer Pharmaceutical Company, New York, New 
York. 

t The reason for this course of therapy was the unavailability of 
properly packaged medications. — 
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At the end of each recording period, the Holter recorder and 
diary were removed from the patient, and the 1 mV calibration 
signal recorded at the beginning of each tape was used to 
calibrate the Electrocardioscanner (DelMar Avionics Millivolt 
Calibrator, model 356B; DelMar Avionics Electrocardio- 
scanner, model 655). Specifically, the gain control on the 
scanner was adjusted so that a 1 mV calibration signal caused 
a 10 mm deflection of the recording needle on the chart re- 
corder. All Holter equipment performed in accordance with 
American Heart Association specifications with respect to rate 
and frequency response necessary to record S-T segment al- 
terations reliably. After the scanner was calibrated, each 
channel was scanned at 120 times real time using the Audio 
Visual Superimposed Electrocardiographic Presentation 
(AVSEP) method. During scanning, the superimposed P- 
QRS-T complexes on the AVSEP screen were scrutinized 
continuously by one of us. Whenever an S-T alteration from 
baseline was suspected, scanning was interrupted, and the 
recording was transcribed onto Electrocardiochart® recording 
paper for an exact measurement of the S- T segment. In ad- 
dition, the electrocardiographic recording was charted and 
the S-T segment position measured whenever the patient- 
event signal appeared on the tape. 

The S-T segment position was judged in relation to the 
P-R intervals immediately before and after the S- T segment. 
A straight edge was used to construct a line between the P-R 
intervals of the two adjacent P-QRS-T complexes, and the 
position of the S-T segment was measured in millimeters of 
vertical distance above or below the line 80 ms after the J 
point. S-T segment deviations were defined as transient ver- 
tical displacements in S- T segment position relative to base- 
line position. 

The S-T segment deviations from the baseline position 
were said to occur if S- T depression or elevation of at least 1 
mm (0.1 mV) relative to the baseline position was present for 
at least 1 minute. One minute of S- T segment deviation was 
required in an attempt to minimize misinterpretation due to 
transient motion artifact. For each tape, the following were 
quantitated: (1) hours of recording satisfactory for analysis, 
(2) episodes of S- T segment deviation, and (3) highest grade 
of ventricular ectopic activity (using the modified Lown 
grading system’). 


TABLE Il 
Clinical and Electrocardiographic Responses to Therapy 
Vera- _Nifedi- 
Variable Placebo pamil pine 
Anginal episodes/week 
Mean + SD 15.9 + 224 ne Pe < 
37.2 3.3* 1.5* 
Range 0—108.1 0-5.1 0-47 
Nitroglycerin tablets/week 
Mean + SD 18.3 + Jet 24+ 
46.4 5.6! 4.31 
Range 0.13-150  0-17.8 0-14.3 
S-T segment deviations/week 
Mean + SD 40.1+ 656+ 9.86 
40.5 9.9! 14.17 
Range 0-116.9 0-33.3 0-44.4 
Highest grade of ventricular 
arrhythmia (Lown grading 
system)® 
Mean + SD 3.3 + 252 34+ 
l 1.6 1.5 1.5 
Range 0-5 0-5 1-5 
* p = 0.066 in comparison with placebo. 
t p <0.05. 
o" 


| 
| 
Data Analysis j i 


In our study, each variable was quantitated during the latte 
4 months of blinded therapy (2 months with placebo, 2 months 
with verapamil) as well as the 2 months with nifedipine 
therapy. A repeated measures analysis of variance was per- 
formed for each variable analyzed to determine if some group 
were different from others, after which the Newman-Keuls 
multiple comparison procedure was performed.® The Fried- 
man chi-square nonparametric test? was also used to evaluate 
each variable, after which nonparametric multiple compari- 









sons were performed. When the effects of non-normality were 


sufficient to cause substantial disagreement between para- 
metric and nonparametric procedures, results of the non- 
parametric analysis were reported. All values were expre 

as mean + standard deviation; mean + standard error was 


used for the purposes of the figures only. A probability (p) 
value of 0.05 or less was considered significant, unless spe- 
cifically stated otherwise. 

When comparing the frequency of clinical instability among 
placebo, verapamil and nifedipine, a standard chi-square 
analysis was performed and, when appropriate, Fisher's exac 
test was used. Again, a p value of 0.05 or less was considerec 
significant. | 








Results 


Drug compliance: Drug compliance for the 10 pa 
tients during the three treatment periods was 87 + 1 
percent for placebo (range 67 to 100), 89 + 8 percent for 
verapamil (range 74 to 100) and 84 + 13 percent for ni- 
fedipine (range 50 to 100) (difference not significant). 

Clinical response to therapy: During therapy with 
both verapamil and nifedipine, the frequency of angina 
was reduced (p = 0.066) in comparison with placebo 
(Table II, Fig. 1). Similarly, nitroglycerin consumption 


CE $ 


Anginal Episodes / Week 
no 
o 


* ! 
, 
% 


Placebo Verapamil Nifedipine | 


FIGURE 1. Number of anginal episodes per week during placebo (left), | 
verapamil (middle) and nifedipine (right). Each line represents one 
patient, and the mean + standard error of the mean is shown for each. 
treatment procedure. No difference in the frequency of angina occurred 
between verapamil and nifedipine. t p = 0.066 when compared with | 
placebo. 
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Placebo Verapamil Nifedipine 
GURE 2. Number of nitroglycerin tablets consumed per week during 
acebo (left), verapamil (middle) and nifedipine (right). Each line 
presents one patient, and the mean + standard error of the mean is 
iown for each treatment procedure. In comparison with placebo, ni- 
glycerin utilization was less during treatment with verapamil and 
fedipine, and there was no difference between these two agents. * p 
0.05 when compared with placebo. 


»creased significantly during therapy with both 
'rapamil and nifedipine (Table II, Fig. 2). 

During therapy with placebo, there were no adverse 
fects. During the 2 months of verapamil therapy, one 
atient had palpitations (in conjunction with an ac- 
‘lerated atrioventricular nodal rhythm on Holter 
onitor), one had asymptomatic sinus nodal pauses of 
seconds’ duration during sleep and two had mild 
nstipation. None of these adverse effects forced a 
iscontinuation or marked reduction in dosage of 
'rapamil. During nifedipine therapy, six patients had 
lverse effects, all of which limited the dosage that 
uld be administered: two had orthostatic hypotension, 
1e had substantial pedal edema and three complained 
‘nausea, anorexia and nonorthostatic dizziness. 

During placebo therapy, 2 of the 10 patients required 
»spitalization because of severe angina; 2 patients re- 
1iired hospitalization for chest pain during nifedipine 
ierapy, and no patient was hospitalized during treat- 
ent with verapamil (difference not significant). No 
itient had a myocardial infarction or died. 

Electrocardiographic response to therapy: Dur- 
g the 6 months of study in all 10 patients, a total of 
169 hours of two channel ambulatory electrocardio- 
aphic monitoring were analyzed (1,733 hours during 
acebo therapy, 1,681 hours during verapamil therapy 
id 1,755 hours during nifedipine therapy). The num- 
‘r of episodes of transient S- T segment deviation on 
librated two channel ambulatory electrocardiographic 
onitoring was less during therapy with verapamil and 
fedipine than during placebo therapy (Table II, Fig. 
. There was no difference among the three pharma- 
logic agents in the complexity of ventricular ectopic 
tivity. 
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FIGURE 3. Number of transient S-T segment deviations per week on 
ambulatory electrocardiographic monitoring during placebo (left), 
verapamil (middle) and nifedipine (right). Each line represents one 
patient, and the mean + standard error of the mean is shown for each 
treatment procedure. In comparison with placebo, the frequency of S-T 
segment deviations was reduced during verapamil and nifedipine and 
there was no difference between these two agents. * p <0.05 when 
compared with placebo. 


Discussion 


Initial reports on the therapeutic use of calcium an- 
tagonist agents demonstrated that perhexiline male- 
ate,!? prenylamine lactate,!! diltiazem,!213 verapa- 
mil!-2-14-16 and nifedipine?-!718 are efficacious in 
several forms of ischemic heart disease, including var- 
iant angina pectoris. To date, however, the therapeutic 
efficacy of the different calcium antagonists has not 
been compared. Therefore, this study was performed 
to compare verapamil and nifedipine in patients with 
variant angina. 

Verapamil: Verapamil, a papaverine derivative 
available outside the United States since 1962, has been 
shown to be efficacious in several clinical circumstances. 
It is a very effective agent for the treatment of supra- 
ventricular tachyarrhythmia, especially paroxysmal 
supraventricular tachycardia.!?:?? Tt exerts a powerful 
depressant effect on sinoatrial nodal automaticity and 
atrioventricular nodal conduction.!9°-20 Tt has been used 
in a limited manner as an antihypertensive agent, and 
is beneficial in the patient with hypertrophic cardio- 
myopathy.?'?? Finally, it has been used in patients with 
a variety of ischemic heart disease syndromes, including 
exertional angina!^!^ and angina at rest.!6 Because of 
its potent influence on the cardiac conduction system, 
verapamil should not be administered to the patient 
with second or third degree atrioventricular block, sick 
sinus syndrome or suspected digitalis intoxication. In 
addition, it has a substantial negative inotropic effect 
and should therefore be administered cautiously to the 
patient with advanced cardiac failure. Because of this 
negative inotropic influence, it is recommended that 
verapamil not be administered simultaneously with beta 
adrenergic blocking agents or disopyramide. 


MEER 


Nifedipine: Nifedipine is an especially powerful di- 
lator of both systemic and coronary arteries. Like 
verapamil, it appears useful in several clinical circum- 
stances. First, nifedipine is an effective antihypertensive 
agent.?? Second, it has been used as a myocardial 
“protectant” during cardiopulmonary bypass.”4 Third, 
it is efficacious in patients with both angina of effort!7.25 
and angina at rest,!® and preliminary uncontrolled 
studies have shown it to be very effective in those with 
variant angina pectoris.*° In contrast to verapamil, 
nifedipine exerts little if any influence on the cardiac 
conduction system. In addition, it exerts little negative 
inotropic effect and, as a result, can be administered 
concomitantly with propranolol.!? 

Ambulatory electrocardiographic monitoring for 
detection of S-T segment deviation: Since its de- 
scription over 20 years ago?9?7, ambulatory electro- 
cardiographic monitoring has become established as an 
excellent technique for the detection of cardiac ar- 
rhythmia, but only over the past 5 years has it been 
utilized for the detection of transient ischemic S- T-T 
wave alterations.!7.25-?4 The equipment available for 
monitoring during the 1960s offered poor fidelity for 
S-T segment reproduction.?? However, since 1969 all 
manufactured monitoring equipment has met or ex- 
ceeded American Heart Association specifications for 
the reliable recording of S-T segment alterations.9:36-38 
Provided that the limitations of a bipolar electrocar- 
diographic system are accepted and careful attention 
is given to proper calibration and to maneuvers that 
exclude positional S-T segment alterations, ambulatory 
electrocardiographic recordings that accurately reflect 
transient S-T segment alterations can be obtained. 

In this study, weekly ambulatory electrocardio- 
graphic monitoring was performed in an effort to assess 
objectively the frequency of transient episodes of 
myocardial ischemia in an outpatient environment. The 
precise relation between myocardial ischemia and chest 
pain remains poorly defined.?? In patients with angina 
on effort and associated coronary artery disease, 60 to 
80 percent of ischemic episodes (detected by transient 
S-T segment depression) occur without concomitant 
chest pain,! 736.442 and numerous reports *?-^7 have 
emphasized that episodes of painless S- T segment de- 
viation occur frequently in patients with variant angina 
pectoris. Therefore, in our study calibrated two channel 
ambulatory electrocardiographic monitoring was used 
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to allow an objective assessment of disease activity in- 
dependent of subjective influences. 4 
Verapamil versus nifedipine in variant angina: 
Our study demonstrates that verapamil and nifedipine | 
are similarly efficacious in the therapy of variant angina. 
Subjectively, both agents reduced the frequency of 
angina and of nitroglycerin consumption. Objectively, 
both drugs diminished the frequency of transient 
ischemic S-T segment alterations by calibrated two 
channel ambulatory electrocardiographic monitoring. 
Adverse effects occurred more frequently during ni- 
fedipine therapy, and in 6 of the 10 patients these effects 
limited the dose of nifedipine that could be adminis- 
tered. In contrast, adverse effects with verapamil were 
minor and did not drastically alter the dosage. 
Although the results of this study are exciting and 
encouraging, further studies are needed to assess com- 
pletely the relative effects of verapamil and Soci b. 
Because our study encompasses only 10 patients, tht 
results will require confirmation in a larger number of 
patients with variant angina. In this study, placebo and 
verapamil were administered as part of a double-blinc 
and randomized protocol, but nifedipine was admi is 1 
tered as an "open label" medication. Future studies will 
require the blinded administration of both calcium 
antagonists. Despite these limitations, this study clearly 
shows that verapamil and nifedipine are both highly: 
efficacious in the therapy of variant angina pectoris. - 
Clinical implications: In the patient with variant. 
angina pectoris, both verapamil and nifedipine are ef- 
fective therapeutic agents. The availability of both 
agents allows the patient with variant angina to receive 
the drug best suited for his specific needs, taking into 
account the presence or absence of conduction system 
disease, concomitant supraventricular tachyarrhyth- 
mias or depressed left ventricular function.*? If a patient 
does not tolerate one of these drugs, the other can be 
administered and a similar beneficial response antici- 
pated. 
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Eleven patients with acquired prolongation of the Q-Tc interval and re- 
current ventricular tachyarrhythmias were studied. Five patients required 
5 to 44 direct current shocks to correct prolonged ventricular tachyar- 
rhythmias, and five were given at least two antiarrhythmic agents in an 
attempt to control the arrhythmias. In 4 of the 11 patients, when thio- 
ridazine, diuretic drugs and antiarrhythmic agents were withdrawn and 
hypokalemia or hypocalcemia corrected, ventricular tachyarrhythmias 
did not recur. The Q-Tc interval normalized in 2 to 3 days. Ventricular 
tachyarrhythmias were recurrent in the remaining seven patients, despite 
withdrawal of the drugs that caused the Q-Tc prolongation, attempted 
correction of hypokalemia when present and the administration of anti- 
arrhythmic agents to four of the seven. All antiarrhythmic agents were 
then withdrawn in this group. 

Immediately on the establishment of overdrive ventricular or atrio- 
ventricular sequential pacing in these patients, ventricular tachyar- 
rhythmias were abolished. No breakthrough ventricular tachyarrhythmias 
occurred during temporary pacing. Temporary pacing was required for 
an average of 10 days and the Q-Tc interval normalized an average of 5 
days from the onset of pacing. Three patients required a permanent 
pacemaker, one because of chronic complete heart block, one because 
of the sick sinus syndrome, and one because of frequent ventricular ec- 
topic complexes complicating ischemic heart disease. All 11 patients 
survived their period of hospitalization. 


Q-T prolongation represents delayed ventricular repolarization. Pro- 
longation of the vulnerable period may lead to an increase in the degree 
of temporal dispersion of the refractory period, thereby predisposing 
to reentrant arrhythmias. Thus, prolongation of the Q-T interval may 
be associated with serious ventricular arrhythmias, syncope and 
death.!-? 

Q-T prolongation may occur either in the idiopathic form with or 
without heritable features? or in the acquired form secondary to ischemic 
heart disease, drugs, *? electrolyte disturbances (hypokalemia, hypo- 
magnesemia,’ hypocalcemia®), hypothermia,?? cerebrovascular diseases? 
such as subarachnoid hemorrhage,’ neck surgery?:!? or extreme dieting 
with a liquid protein diet.!!-!? The inherited prolonged Q-T interval 
associated with syncope and sudden death includes the autosomal re- 
cessive Jervell and Lange-Nielsen syndrome with accompanying deaf- 
ness and the autosomal dominant Romano-Ward syndrome without 
deafness.! 

Life-threatening ventricular tachyarrhythmias accompanying Q-T 
prolongation may be exacerbated by antiarrhythmic drugs, particularly 
those that prolong ventricular repolarization.*!4 It has been suggested 
that isoprenaline (isoproterenol) be used in an attempt to control these 
arrhythmias.* However isoprenaline may be arrhythmogenic. Overdrive 
pacing may abolish such arrhythmias by shortening the repolarization 
time and thus avoiding asynchronous depolarization. This report de- 


June 1981 The American Journal of CARDIOLOGY Volume 47 1301 


Daai S NINOS 


Pi ee i ee 






Pre as "VET TNI. = > 






$o 
EJ 


RICULAR TACHYARRHYTHMIAS AND Q-T 










zl 4 
ras L 


scribes the successful management of 11 consecutive 
patients with recurrent life-threatening ventricular 
tachyarrhythmias associated with acquired Q-T pro- 
longation. 


Methods 


Patients: During 1979 and 1980, 11 consecutive patients 
with recurrent ventricular tachyarrhythmias (ventricular 
tachycardia or ventricular fibrillation) in association with a 
prolonged Q-Tc interval were referred to this center for fur- 
ther management. Five patients were transferred in the mobile 
coronary care unit from other hospitals. The patients' ages 
ranged from 42 to 75 years (mean 61 years) (Table I). Ten of 
the 11 patients were women. 

Q-Tc measurement: The Q-T interval was measured uti- 
lizing beats that were not interrupted by a ventricular ectopic 
complex. The measurement was taken from the beginning of 
the Q wave, if a Q wave was present, or from the beginning of 
the R deflection to the end of the T wave whether upright or 
inverted. A U wave was not measured. The Q-T interval was 
then corrected for heart rate using Bazett's formula, that is, 
QTc = Q-T/\/R-R. The upper limit of normal of the Q-Tc 
interval was taken as 440 ms. Except in Case 8, the initial Q- Tc 
interval was the longest Q- Tc interval measured from the 
electrocardiogram before the first recorded instance of ven- 
tricular tachycardia or ventricular fibrillation. In Case 8 this 
record was not available and the Q-Tc interval was first 
measured 10 minutes after the initial correction of ventricular 
fibrillation. The initial Q-Tc measurement, made before 
antiarrhythmic agents were administered in an attempt to 
control the ventricular tachyarrhythmias, ranged from 495 
to 765 ms (mean 626); in 10 patients the Q- Tc interval was 
greater than 550 ms and in 8 patients it was 600 ms or more 
(Table I). 

Previous drug therapy: The Q-T prolongation in all pa- 
tients was acquired; in 10 drug therapy either induced it or was 

a major contributory factor (Table I, Fig. 1 to 4). Drug therapy 


TABLE ! 


Clinical, Electrocardiographic and Biochemical Features in 
11 Patients With Q-Tc Prolongation 


Serum K 

Prior Initial When Q-Tc 

Age (yr) Heart Q-Tc Prolonged 
Case &Sex Disease (ms) (mmol/liter) Etiologic Factors 


1 75M HT, 635 3.0 Quinidine, 
ant MI cyclopenthiazide K 
2 73F IHD 765 3.7 Prenylamine 
3 64F IHD, 740 2.8 Prenylamine, 
HT cyclopenthiazide K 
4 68F Chronic 495 3.9 Thioridazine 
CHB 
5 46F MI, 625 2.9 Quinidine, 
LVF bumetanide 
6 58F MVD, 580 4.0 Amiodarone 
SSS 
7 68F IHD 620 3.4 Prenylamine 
8 60F IHD, 625 2.8 Thioridazine, 
mild MVP frusemide 
9 42F — 590 4.3 Hypocalcemia 
10 49F yf 600 2.4 Hydrochlorthalidone 
11 68F ye 615 2.7 Hydrochlorthalidone 


Ant MI = anterior myocardial infarction; CHB = complete heart block; 
HT = hypertension; Inf MI = inferior myocardial infarction; IHD = 
ischemic heart disease; LVF = left heart failure; MVD = mitral valve 
disease; MVP = mitral valve prolapse; SSS = sick sinus syndrome. 
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included diuretic drugs (cyclopenthiazide K, 0.5 mg orally 
daily; bumetanide, 1 mg orally daily; frusemide (furosemide), 
40 mg orally daily; hydrochlorthalidone, 200 mg orally daily), 
quinidine (1 g orally daily), prenylamine (180 mg orally daily), 
thioridazine (150 and 300 mg orally daily) and amiodarone 
(600 mg orally daily). The patient treated with amiodarone 
was reported on previously.!? Six patients had hypokalemia 
(serum potassium 3 mmol/liter or less) and one patient had 
hypocalcemia (serum calcium 1.77 mmol/liter) probably 
complicating malabsorption. No patient was hypotensive on 
initial presentation. All 11 patients except Patient 9 had 
normal serum levels of magnesium and calcium when the Q-Tc 
interval was abnormal. 


Results 


Patients not requiring pacing (Cases 8 to 11): 
Among the four patients not requiring pacing, Patient 
8 had no recurrent ventricular arrhythmias when thio- 
ridazine and frusemide were withdrawn, the antiar- 
rhythmic agents used to control the ventricular tachy- 
arrhythmias stopped and hypokalemia was corrected 
using potassium intravenously and orally (Table II). 
Patient 9 had no further ventricular arrhythmias after 
a total of 20 cc of calcium gluconate (10 percent) was 
given intravenously and oral administration of chole- 
calciferol was started. Patients 10 and 11 had no further 
ventricular arrhythmias when administration of hy- 
drochlorthalidone and mexiletine was stopped and the 
hypokalemia was corrected with intravenous adminis- 
tration of potassium. In these four patients, the Q- Tc 
interval normalized in 2 to 3 days. 

Patients treated with overdrive pacing: Ventric- 
ular tachyarrhythmias were recurrent in the remaining 
seven patients (Cases 1 to 7), despite cessation of the 
drug therapy giving rise to the Q- Tc prolongation, at- 
tempted correction of hypokalemia when present and 
administration of antiarrhythmic agents to four pa- 
tients. Administration of all antiarrhythmic agents was 
then stopped. An endocardial ventricular pacing cath- 
eter was inserted under fluoroscopic control. Immedi- 
ately on the establishment of overdrive ventricular 
pacing in Patients 1 to 4 and atrioventricular sequential 
pacing in Patients 5 to 7 (Table II), ventricular tachy- 
arrhythmias were abolished (Fig. 5 and 6). No episode 
of ventricular tachyarrhythmia was precipitated by the 
insertion of the ventricular pacing catheter. Overdrive 
pacing was carried out at a ventricular rate of 75 to 
110/min. The rate chosen depended on the patient's 
own ventricular rate and that necessary to suppress 
ventricular tachyarrhythmias. No breakthrough ven- 
tricular tachyarrhythmias were noted during temporary 
pacing. Temporary pacing was required for 2 to 37 days 
(mean 10) as judged by the absence of ventricular 
tachyarrhythmia on stopping the pacemaker each day. 
The Q-Tc interval returned to normal in 3 to 10 days 
(mean 5) from the onset of pacing. 

Three patients (Patients 4 to 6) required permanent 
pacing. Patient 4 had chronic complete heart block. A 
permanent endocardial ventricular pacemaker replaced 
the temporary system after the Q- Tc interval normal- 
ized. Likewise, in Patient 5, a permanent endocardial 
atrioventricular sequential pacing system replaced the 
temporary pacemaker after the Q- Tc interval norm&- 
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ized. This patient had persistent and frequent ven- 
tricular ectopic complexes complicating ischemic heart 
disease and left heart failure. A permanent endocardial 
atrioventricular sequential pacemaker in Patient 6 re- 
placed the temporary pacemaker because the patient 
had the sick sinus syndrome. All 11 patients survived 
the period of hospitalization. 


Discussion 


Prolongation of the Q- T interval is known to be as- 
sociated with repetitive episodes of ventricular tachy- 
arrhythmia some of which have the properties of torsade 
de pointes*!© (where the QRS axis in ventricular 
tachycardia undulates with definite changes in direction 
during runs of 5 to 20 beats).* Such tachyarrhythmia is 
usually initiated by a late cycle ventricular ectopic 
complex and often is self-terminating.* The number of 
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episodes of ventricular tachyarrhythmia in our patients 
ranged from 4 to more than 90 (‘Table II). Many ep 
sodes of self-terminating ventricular tachyarrhythmi 
showed the morphologic features of torsade de poin 
(Fig. 2 and 4). 


Precipitating and Predisposing Factors 


Prolonged Q-T interval: We found, as revica 
reported, that an early or late cycle ventricular cct 
complex may initiate ventricular tachyarrhythmia in 
patients with Q- Tc prolongation. (Fig. 1 to 6). Others?" 
have observed that the Q-T interval prior to ventric 
tachyarrhythmia may shorten immediately after its 
termination. In some of our patients it was possible to 
confirm this observation by measuring the Q-T interval 
immediately before and after spontaneous termination 
of the ventricular tachyarrhythmia (Fig. 3). However, 








TABLE II y 
Management of 11 Patients With Q-Tc Prolongation and Ventricular Tachyarrhythmias 
VT/VF | 
Episodes | 
During Heart Duration i 
ECG Rate (days) 1 
Monitoring Antiarrhythmic Just Pacing Q-Tc | 
Dura- DC Therapy to Before Rate Tempo- to | 
tion Shocks Control Pacing (per rary Nor- 
Case n (h) (n) Arrhythmias (beats/min) min) Pacing mal Outcome 3 
1 >90 11 44 Mexiletine, 60 90 12 10 Well. No ventricular 
lidocaine, (V) arrhythmias after 
procainamide, temporary pacing 
disopyramide, 
diphenylhydantoin 
2 >80 9 29 Lidocaine, 60 80 5 3 Well. No ventricular 
mexiletine, (V) arrhythmias after 
procainamide, temporary pacing ] 
diphenylhydantoin, | 
disopyramide, 
quinidine 
3 250 18 12 Lidocaine, 60-70 90 2 3 . Well. No ventricular | 
mexiletine, (V) arrhythmias after E 
procainamide, temporary pacing | 
disopyramide | 
4 4 27 1 None 42 75 5 4 Well. Permanent | 
(V) ventricular pacing, 
chronic CHB 
5 28 8 5 Mexiletine, 80-90 110 37 6 Well. Permanent A/V 7 
procainamide (A/V) pacing, frequent r 
VEC, IHD 1 
6 5 7 2 None 50-60 80 3 5 | Well. Permanent A/V | 
(A/V) pacing, SSS 
7 9 4 2 None 50-70 90 3 4 Well. No ventricular j 
(A/V) arrhythmias after 
temporary pacing 
8 19 27 6 Lidocaine, 80-90* 3 Drugs stopped, 
procainamide, hypokalemia corrected, 
mexiletine no ventricular 
arrhythmias 
9 4 27 None None 80-90* 2 . Hypocalcemia corrected, 
no ventricular 
arrhythmias 
10 5 4 4 Mexiletine 90* 3 Drugs stopped, 
hypokalemia corrected, — 
no ventricular arrhythmias 
11 5 5 3 Mexiletine 90* 2 Drugs stopped, ] 
E hypokalemia corrected, | 


no ventricular arrhythmias 


* Heart rate at initial presentation. 

A/V = atrioventricular sequential; CHB = complete heart block; DC shocks = 100 to 400 watt seconds (stored); ECG = electrocardiogragbitl 
IHD — ischemic heart disease; SSS — sick sinus syndrome; VEC — ventricular ectopic complexes; VT/VF — ventricular tachycardia or ventricular. 
4S brillation (including self-terminating). 


June 1981 The American Journal of CARDIOLOGY Volume 47 1303 





JEN TRICU LAR AT SHY A| 3n IU LIN IAS Pr In Q- - PROL INC ; ATION— a T as x PM TUNER we ^ 
I 
t 
n other patients ventricular ectopic complexes were so gation of the Q-Tc interval with recurrent ventricular 
‘requent that it was impossible to measure the Q-Tc tachyarrhythmias may be associated with a high mor- 
nterval immediately before the onset of ventricular tality rate. | 
tachyarrhythmias. Five patients required five or more Hypokalemia: The electrocardiographic manifes- 
irect current shocks to correct prolonged episodes of tations of hypokalemia include prolongation of the Q-T’c 
ventricular tachyarrhythmia. One patient received 44 interval with prominent U waves.!? It has been re- 
such shocks over a period of 11 hours. Yet each pro- ported!® that the incidence rate of arrhythmias is high 
longed episode in 10 of the 11 patients was corrected by when the plasma potassium level is below 3.2 mmol/ 
a single shock of from 100 to 400 watt seconds (stored). liter. Nevertheless there are few reports of life-threat- 
[n many patients ventricular tachyarrhythmias rapidly ening ventricular arrhythmias associated with hypo- 
recurred. Unless this syndrome is recognized, prolon- kalemia.!®!9 Profound hypokalemia and serious ven- 
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FIGURE 1. Record from Patient 2, who was 
taking prenylamine. A, sinus rhythm with 
markedly prolonged Q-Tc interval and ven- 
tricular bigeminy. B, sinus rhythm with multi- 
focal ventricular ectopic complexes. C, sinus 
rhythm with self-terminating ventricular 
tachycardia. 


FIGURE 2. Record from Patient 3 who had 
hypokalemia and was taking prenylamine. A, 
sinus rhythm 65 beats/min with markedly 
prolonged Q-Tc interval. B, continuous record 
showing self-terminating ventricular tachy- 
cardia (torsade de pointes). 


FIGURE 3. Continuous record from Patient 4, 
who had chronic heart block and was taking 
thioridazine. Self-terminating ventricular 
tachycardia and fibrillation are evident. 


tricular arrhythmias may occur even with moderate 
doses of diuretic drugs.!? It was reported that after the 
usual doses of frusemide the average decrease in serum 
potassium was less than the decrease after the usual 
doses of thiazides.2° The dose or duration of drug 
treatment had little influence on serum potassium.?? 
'The cause of the low potassium level in two thirds of our 
patients with hypokalemia was the use of thiazide di- 
uretic drugs. Life-threatening ventricular arrhythmias 
complicating hypokalemia are controlled by potassium 
repletion. However, it may take several hours to achieve 
this state. 

Antiarrhythmic agents with quinidine-like ef- 
fect: Quinidine can produce prolongation of the Q-T 
interval even when used in small doses.!7:2!;22 Because 
this drug enhances reentry by causing disparity and 
delay in repolarization, ventricular tachycardia or 
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FIGURE 4. Continuous record from Patient 9, 
who had hypocalcemia. Self-terminating 
ventricular tachycardia (torsade de pointes) is 
(7 GAL mE M uua. 









FIGURE 5. Patient 2. Effect of temporary 
ventricular pacing. A, continuous record. Sinus 
rhythm 60 beats/min with marked prolongation 
of the Q-Tc interval and frequent episodes of 
self-terminating ventricular tachycardia. B, 
ventricular pacing at 80/min with 1:1 ventric- 
ular capture and no ventricular arrhythmias. 






FIGURE 6. Patient 7. Effect of temporary atrioven- 
tricular sequential pacing. Top tracing, sinus rhythm 
with marked prolongation of the Q-Tc interval and 
self-terminating ventricular tachycardia. Lower 
tracing, atrioventricular sequential pacing (rate 
90/min), and no ventricular arrhythmias. 
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ventricular fibrillation may develop.!^?^?? In two of our 
patients who were receiving quinidine, potassium a 
pletion due to administration of diuretic drugs may e 
have caused delayed ventricular repolarization and thus 
potentiated the development of ventricular tachyar- 
rhythmias. 23 One report described the use of lidocaine 
in the successful management of a patient with frequent 
ventricular tachyarrhythmias complicating quinidine 
therapy.?? The authors suggested that prolongation of 
refractoriness may be more pronounced with quinidine, 
whereas lidocaine may be more effective in raising the 
excitability threshold thus retaining its antiarrhythmic 
properties despite Q- Tc prolongation.?? In one of our 
cases (Patient 1) where quinidine was an etiologic factor, 
lidocaine was used but was ineffective in control of the 
arrhythmias. Because lidocaine can prolong repolari- 
zation and thus have an effect similar to that of quini 
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dine and procainamide, one would anticipate an en- 
hanced effect of the administration of lidocaine to a 
patient with prolongation of the Q-Tc interval secon- 
dary to quinidine therapy.?? Indeed, Puritz et al.24 de- 
scribed an increased frequency of ventricular tachy- 
cardia when lidocaine was given to a patient with a 
prolonged Q-Tc interval due to prenylamine. Diso- 
pyramide, another drug with a quinidine-like effect, 
may also cause prolongation of the Q- T interval with the 
risk of precipitating ventricular tachyarrhythmias.?5-?7 
Thus drugs with a quinidine-like effect should be 
avoided in the management of patients with a prolonged 
Q- Tc interval. 

Prenylamine (a vasodilator drug): There have 
been occasional reports of serious ventricular arrhyth- 
mias as a result of Q-Tc prolongation and prenylamine 
(Synadrin? or Segontin9) administration.2428 Con- 
ventional antiarrhythmic drugs should be avoided in 
these patients since exacerbation of the ventricular 
tachyarrhythmias may occur.”4 All our three patients 
were first seen in other hospitals by the mobile coronary 
care unit. Two of the three had had frequent episodes 
of ventricular tachyarrhythmia and required many di- 
rect current shocks. They had also received lidocaine, 
mexiletine, procainamide, diphenylhydantoin, diso- 
pyramide and quinidine in an attempt to control the 
ventricular tachyarrhythmias. Further lengthening of 
the Q-T intervals occurred, and ventricular tachyar- 
rhythmias continued unabated. In view of these ob- 
servations and that of others,?^?5 patients taking 
prenylamine should be carefully monitored by regular 
electrocardiographic examination. If the Q-Tc interval 
is prolonged then therapy should be withdrawn. In one 
of our patients, a serum potassium of 2.8 mmol/liter 
caused by cyclopenthiazide was a contributory factor 
to Q-Tc prolongation. Patients taking diuretic drugs 
without adequate potassium supplements in conjunc- 
tion with prenylamine probably are at increased risk for 
Q- Tc prolongation and ventricular tachyarrhythmias. 

Thioridazine: Thioridazine (Mellaril®) has electro- 
physiologic and antiarrhythmic properties similar to 
those of quinidine.???9 Life-threatening ventricular 
arrhythmias have been reported with thioridazine 
therapy.??31^ In experimental animals arrhythmo- 
genic effects were noted to be dose-dependent.?6 With 
larger doses of thioridazine, rapidly repetitive responses 
or tachycardia could be induced by premature beats.36 
Nevertheless, it has been reported that approximately 
50 percent of the patients receiving 100 to 400 mg/day 
have an electrocardiographic abnormality.?? Thio- 
ridazine is known to cause Q- Tc prolongation and 
ventricular arrhythmias even in a dosage of 200 mg/ 
day.29.31 Fowler et al.29 reported serious ventricular 
arrhythmias in five patients receiving thioridazine and 
in one the arrhythmias were fatal. One patient was re- 
ceiving 200 mg orally daily. Hypokalemia will tend to 
potentiate the quinidine-like effect of thioridazine by 
further prolongation of repolarization. 

Amiodarone: The use of amiodarone in the treat- 
ment of cardiac arrhythmias is increasing. Electro- 
physiologically the drug increases the effective refrac- 
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tory period of atrial and ventricular myocardium.?? 
Lengthening of the Q-T interval during amiodarone 
therapy has been reported.**:39 However, there are very 
few reports of ventricular tachyarrhythmias compli- 
cating amiodarone administration.!5/40.41 

Hypocalcemia: Hypocalcemia can cause Q-T pro- 
longation yet it is not thought to cause serious ventric- 
ular arrhythmias.!7:42 One of our patients had hypo- 
calcemia with recurrent episodes of syncope due to 
ventricular tachyarrhythmia. Ventricular tachyar- 
rhythmias were promptly suppressed by the adminis- 
tration of calcium intravenously and orally. 


Treatment 


Indications for ventricular pacing: In order to 
shorten repolarization time it has been suggested that 
the first step in the treatment of patients with a pro- 
longed Q-Tc interval and ventricular tachyarrhythmias 
should be the administration of isoprenaline.* However, 
isoprenaline may be arrhythmogenic.?*4^? Overdrive 
pacing may abolish such arrhythmias by shortening 
repolarization, thus avoiding asynchronous depolar- 
ization. !4,24,26,27,33,44-47 Insertion of a pacing catheter 
into the right ventricle may precipitate ventricular ar- 
rhythmias in patients with Q-Tc prolongation and thus 
atrial pacing is recommended provided atrioventricular 
conduction is intact.*2448-59 Although atrial pacing is 
ideal, in this life-threatening situation it may be difficult 
to obtain and maintain stable atrial pacing. If atrial 
capture is lost when the catheter accidentally slips into 
the right ventricle or slips from a stable position in the 
right atrium or coronary sinus, then there is a high risk 
that ventricular tachyarrhythmias will recur. In an at- 
tempt to control atrial flutter, torsade de pointes and 
ventricular fibrillation have been induced when a pacing 
electrode slipped from the coronary sinus into the right 
ventricle and rapid pacing was inadvertently 
started.*! 

It is our policy to pass a hexapolar endocardial 
pacing catheter into the apex of the right ventricle and 
obtain ventricular pacing at the lowest pacing rate that 
effectively controls the ventricular arrhythmias. If at 
all possible we endeavor to achieve stable atrial pacing, 
leaving the patient with an atrioventricular sequential 
pacemaker. In no patient was ventricular tachyar- 
rhythmia precipitated during insertion of the catheter 
or on establishing ventricular pacing. Immediately on 
establishing ventricular or atrioventricular sequential 
pacing in the seven patients no further ventricular 
tachyarrhythmia occurred (Fig. 5 and 6). Furthermore, 
no breakthrough ventricular tachyarrhythmias occurred 
during temporary pacing. The Q- Tc interval normalized 
in all patients. 

Role of bradycardia: In six of the seven patients 
who required pacing for control of ventricular ar- 
rhythmias the heart rate before pacing was 70 beats/min 
or less; in four it was persistently 60 beats/min or less. 
Quinidine,?? hypokalemia,!6 prenylamine,?4 thiorida- 
zine,?235936 and amiodarone!? may produce bradyar- 
rhythmia. In addition, the antiarrhythmic agents used 
in an attempt to suppress ventricular tachyarrhythmias 
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can cause depression of ventricular automaticity. In the 
patients who did not require pacing a heart rate of less 
than 80 beats/min was not recorded. A slow heart rate 
increases the temporal dispersion of ventricular re- 
covery times®”? and may trigger attacks of ventricular 
tachyarrhythmia in some patients with a prolonged 
Q-Tc interval. When overdrive pacing is used to sup- 
press ventricular tachyarrhythmias it is highly suc- 
cessful when the prepacing heart rate is 60 beats/min 
or less.°4 It may well be that overdrive pacing was highly 
successful among our patients because six of the seven 
had a relative bradycardia. No antiarrhythmic agents 
were given during temporary pacing. 

None of our patients had a congenital cause for pro- 
longation of the Q- Tc interval. Successful management 
of some of these patients has been reported using di- 
phenylhydantoin, propranolol, left stellate ganglion 
block and resection.55-57 Olley and Fowler?? reported 


that temporary pacing was unsuccessful in control of 
ventricular tachyarrhythmias despite a basically slow. 
heart rate in a patient with the Jervell and Lange- 
Nielsen syndrome. However, temporary and permanent 
pacing were successfully used in two patients resistant 
to other therapy.5?9?? Both patients had bradyar- 
rhythmia. 

Guidelines for treatment: For the successful man- 
agement of patients with Q- Tc prolongation and re- 
current ventricular tachyarrhythmias it is imperative 
that the etiologic factor or factors are determined and 
their correction expedited. This includes the immediate 
withdrawal of any drug giving rise to prolongation of the 
Q-Tc interval. No antiarrhythmic agent that prolongs 
the refractory period should be administered. Early 
ventricular or atrioventricular sequential pacing should 
be initiated if ventricular tachyarrhythmias are recur- 
rent. i 
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Seven cases of procainamide-induced polymorphous ventricular tachy- 
cardia are presented. In four patients, polymorphous ventricular tachy- - 
cardia appeared after intravenous administration of 200 to 400 mg of | 
procainamide for the treatment of sustained ventricular tachycardia. In | 
the remaining three patients, procainamide was administered orally for - 
treatment of chronic premature ventricular contractions or atrial flutter. 
These patients had Q-T prolongation and recurrent syncope due to poly- - 
morphous ventricular tachycardia. In four patients, the arrhythmia was - 
rapidly diagnosed and treated with disappearance of further episodes of - 
the arrhythmia. In two patients, the arrhythmia degenerated into irre- - 
versible ventricular fibrillation and both patients died. In the seventh pa- - 
tient, a permanent ventricular pacemaker was inserted and, despite | 


$ 


continuation of procainamide therapy, polymorphous ventricular tachy- - 
cardia did not reoccur. These seven cases demonstrate that procainamide 
can produce an acquired prolonged Q-T syndrome with polymorphous 
ventricular tachycardia. | 
| 
| 
Polymorphous ventricular tachycardia is a variety of ventricular 
tachycardia characterized by ventricular polymorphy and changing heart. 
rates.! In adults this arrhythmia most frequently results from idiosyn- 
cratic (or toxic) reaction to type I antiarrhythmic agents.'? The most 
frequent drug associated with polymorphous ventricular tachycardia 
is quinidine, which typically may produce a syndrome characterized by 
marked Q-T prolongation and recurrent episodes of syncope.? Recently, 
an identical syndrome during administration of disopyramide phosphate 
was described.^^ 
Although it has been assumed that procainamide can induce poly- 
morphous ventricular tachycardia,” it has seldom been documented. In 
this study, we describe seven patients manifesting polymorphous ven- 
tricular tachycardia as an apparent consequence of administration of 
procainamide. In four patients, polymorphous ventricular tachycardia 
occurred after treatment of ventricular tachycardia with intravenous 
procainamide. In the remaining three patients, oral procainamide pro- 
duced a typical acquired Q- T syndrome, identical to that characteris- 
tically associated with quinidine. 


Report of Cases 


Case 1 


A 63 year old man was admitted to the Beilinson Hospital for evaluation of 
recurrent ventricular tachycardia. The patient had a history of an old inferior 
wall myocardial infarction followed by several admissions for paroxysms of 
ventricular tachycardia that were unresponsive to procainamide, quinidine, 
ajmaline and lidocaine and necessitated electrical cardioversion. The findings 
at physical examination were normal except for the presence of a fourth heart 
sound. The electrocardiogram was compatible with an old inferior wall myo- 
cardial infarction and the Q-T interval measured 0.42 second at a rate of 80 
beats/min. 

` On the 3rd day of hospitalization, ventricular tachycardia at a rate of 160 
beats/min was induced during electrophysiologic study (Fig. 1A). This 
tachycardia could not be terminated by programmed ventricular stimulation. 
Because the patient's hemodynamic condition was stable, procainamide was 
administered intravenously at an infusion rate of 50 mg/min. After adminis- 
tration of 200 mg intravenously, the ventricular tachycardia slowed to 
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a rate of 145 beats/min and episodes of polymorphous ven- 
tricular tachycardia occurred (Fig. 1B). Although these epi- 
sodes were nonsustained, they were of sufficent duration to 
cause syncope (Fig. 1C). 

The sinus rhythm observed between episodes of polymor- 
phous ventricular tachycardia was characterized by a Q-T 
interval of 0.8 second. The polymorphous ventricular tachy- 
cardia was controlled with right ventricular pacing at 130 
beats/min. Pacing was continued for 4 hours, and no further 
episodes of polymorphous ventricular tachycardia were ob- 
served. The Q-T interval measured at that time was 0.52 
second at a rate of 68 beats/min. The patient's ventricular 
tachycardia was subsequently controlled with amiodarone. 
Case 2 
~ A 64 year old diabetic hypertensive woman was hospitalized 
. at the Beilinson Hospital for chest pain. The electrocardio- 
gram was consistent with an acute inferolateral wall myo- 
cardial infarction. The initial clinical course was normal except 
for premature ventricular beats that responded to lidocaine. 
On the 6th hospital day (without lidocaine), ventricular 
tachycardia appeared at a rate of 210 beats/min (Fig. 2A). The 
patient became dyspneic and the systolic blood pressure de- 
. creased to 80 mm Hg. A bolus injection of lidocaine, 1 mg/kg 
body weight, and electrical cardioversion failed to terminate 
the arrhythmia. The systolic blood pressure was maintained 

at 100 mm Hg with intravenous metaraminol, and an infusion 
- of procainamide (50 mg/min) was started. When 400 mg of 
 procainamide had been given, polymorphous ventricular 
_ tachycardia was noted (Fig. 2B), characterized by changing 
. QRS configuration and heart rate. Sinus rhythm between 
episodes was characterized by a prolonged Q-T interval of 0.78 
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second (Fig. 2C). Administration of procainamide was dis- 
continued and right ventricular pacing at a rate of 100 
beats/min was initiated. No further episodes of polymorphous 
ventricular tachycardia were observed. 


Case 3 


A 55 year old man was hospitalized at the Beilinson Hos- 
pital for an acute inferior wall myocardial infarction. The 
initial course was uncomplicated except for the presence of 
ventricular premature beats. On the 10th day of hospitaliza- 
tion, ventricular tachycardia at a rate of 165 beats/min ap- 
peared. The patient remained in hemodynamically stable 
condition. A bolus injection of lidocaine failed to stop the 
tachycardia. Procainamide was started at an infusion rate of 
50 mg/min. After 300 mg, bursts of a new tachycardia with 
QRS polymorphy and faster rate appeared and competed with 
the ongoing ventricular tachycardia. Administration of pro- 
cainamide was continued up to a dose of 500 mg when this 
rhythm degenerated into ventricular fibrillation. Despite 
multiple electrical defibrillations and cardiopulmonary re- 
suscitation, the patient died. 


Case 4 


A 50 year old man was admitted to the Beilinson Hospital 
for recurrent chest pain. He had been hospitalized 1 month 
before admission for an acute myocardial infarction. The 
electrocardiogram on admission revealed ventricular tachy- 
cardia at a rate of 150 beats/min. Lidocaine and ajmaline, | 
administered intravenously, failed to stop the tachycardia. 
He underwent successful cardioversion and had sinus rhythm 
(without medication) for the next several hours when ven- 
tricular tachycardia reappeared. He remained in hemody- 


FIGURE 1. Case 1. a, representative monitor 
rhythm strip demonstrating ventricular tachy- 
cardia at a rate of 160 beats/min. This rhythm 
with 12 lead electrocardiogram (not shown) 
was Characterized by an atypical right bundle 
branch block pattern and atrioventricular (A-V) 
dissociation. b and c, two episodes of poly- 
morphous ventricular tachycardia. 






FIGURE 2. Case 2. a, monitor rhythm strip dem- 
onstrating ventricular tachycardia at a rate of 210 
beats/min. b, episode of polymorphous ventricular 
tachycardia. c, short runs of polymorphous ven- 
tricular tachycardia separated by sinus rhythm 
associated with a prolonged Q-T interval. 
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namically stable condition and treatment with procainamide 
(50 mg/min) was initiated. After 400 mg of procainamide had 
been administered, polymorphous ventricular tachycardia was 
noted. This arrhythmia caused hemodynamic deterioration 
for which the patient underwent cardioversion several times 
without success. The polymorphous ventricular tachycardia 
soon degenerated into irreversible ventricular fibrillation. 


Case 5 


A 54 year old woman was referred to the University of Illi- 
nois Hospital for evaluation of recurrent syncope. She had a 
history of sarcoidosis that was currently untreated (and in- 
active). Two months before admission, she began treatment 
with oral disopyramide for control of chronic premature 
ventricular beats. One and a half months later, while out of 
the hospital, she had a cardiac arrest; ventricular fibrillation 
was documented at the time of successful defibrillation. She 
was hospitalized and subsequently discharged on a regimen 
of procainamide, 4 g/day. Four days before the present ad- 
mission, recurrent syncope developed. Electrocardiography 
and cardiac monitoring revealed sinus rhythm with a pro- 
longed Q-T interval of 0.48 second and multiple nonsustained 
episodes of polymorphous ventricular tachycardia (Fig. 3). 

On admission, procainamide therapy was discontinued. 
The Q-T interval shortened to 0.4 second, and no further ep- 
isodes of polymorphous ventricular tachycardia were ob- 
served. Cardiac catheterization revealed mild diffuse hypo- 
kinesia with a left ventricular end-diastolic pressure of 14 mm 
Hg. Coronary angiography showed a single 60 percent stenotic 
lesion at the origin of the first diagonal branch of the left an- 
terior descending coronary artery. Electrophysiologic studies 
were performed and no ventricular arrhythmias were induced. 
The patient was discharged without medication and has re- 
mained asymptomatic for a follow-up period of 6 months. 


Case 6 


A 54 year old alcoholic man with a diagnosis of cirrhosis of 
the liver and congestive cardiomyopathy (alcoholic) was ad- 
mitted to a hospital in Wisconsin for treatment of congestive 
heart failure and paroxysms of atrial flutter with fast ven- 
tricular response. The patient was receiving digitalis and di- 
uretic therapy. Physical findings confirmed the presence of 
severe heart failure with secondary tricuspid regurgitation and 
cirrhosis of the liver. Electrocardiography revealed atrial 
flutter with a ventricular response of 130 beats/min. The Q-T 
interval was 0.32 second. Additional cardiac monitoring re- 
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vealed frequent premature ventricular complexes and sho t 
runs of ventricular tachycardia. A trial of quinidine failed to 
convert the atrial arrhythmia. Administration of procain- 
amide, 3 g/day, was begun and sinus rhythm reappeared 1 day 
later. On the 4th day of treatment the patient had an episode 
of cardiac arrest. 'T'he monitoring strip showed polymorphous 
ventricular tachycardia preceding defibrillation (Fig. 4) and. 
the Q-T interval during sinus rhythm (previous to the ar- 
rhythmia) was 0.50 second. A blood sample drawn after the 
cardioversion revealed mild hypokalemia of 3.3 mEq/liter. 
Treatment with procainamide was discontinued and potas- 
sium chloride and diphenylhydantoin were administered. No 
further episodes of polymorphous ventricular mds 















were observed. 


Case 7 


A 67 year old man was admitted to a hospital in Philadel- 
phia with chest pain and electrocardiographic changes con- 
sistent with an acute inferior wall myocardial infarction. The 
initial clinical course was complicated by sinus bradycardia 
and first, second and third degree atrioventricular (A- v) 
block. By the 5th day all conduction defects disappeared an 
only sinus bradycardia persisted. Because of premature ven- 
tricular complexes, the patient was given oral procainamide, 
3 g/day. Four days later he experienced an episode of unwit- 
nessed syncope. The following day (with the patient under 
monitoring) syncope recurred twice. Rhythm strips during 
syncope showed polymorphous ventricular tachycardia (Fig. 
5). The Q-T interval during sinus rhythm was prolonged to 
0.56 second (before initiation of procainamide the Q-T was 
normal at 0.38 second). Because of persistent sinus brady- 

cardia and ventricular irritability, the patient’s physicians 
implanted a permanent demand ventricular pacemaker set 
at a rate of 70 beats/min. No further episodes of the arrhyth- 
mia or syncope were observed despite the continuation of 
procainamide therapy. 


Discussion 


j 

| 

Torsade de pointes and polymorphous ventricular 
tachycardia are related (and often identical) atypical 
forms of ventricular tachycardia. Torsade de pointes is 
electrocardiographically characterized by sinu&oiddl 
variation in QRS amplitude with periodic reversal of 
QRS electrical polarity, simulating a picture of torsion. 
around an imaginary isoelectric line.? The usual epi- 
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FIGURE 3. Case 5. Three episodes of polymorphous 
ventricular tachycardia. Sinus rhythm between epi- 
Je is associated with a prolonged Q-T interval. 
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Sodes of torsade de pointes convert to sinus rhythm 
(with or without syncope), although attacks may result 
in fatal ventricular fibrillation. Polymorphous ven- 
tricular tachycardia is a more general term, describing 
ventricular tachycardia with changing QRS configura- 
tion. Sclarovsky et al.,! in a study of 34 patients, found 
that typically the ventricular rates ranged from 150 to 
300 beats/min and the QRS configuration changed al- 
most from beat to beat (polymorphy). 

Etiology: Even though examples of polymorphous 
ventricular tachycardia have been illustrated in previ- 
ous reports, only recently has the significance of this 
arrhythmia been recognized. Clinical conditions asso- 
ciated with polymorphous ventricular tachycardia in- 
clude slow ventricular rates (as in patients with atrio- 
ventricular [A-V] block), electrolyte imbalance, drug 
toxicity, myocardial ischemia, congenital Q-T prolon- 
gation, cerebrovascular diseases, myocarditis, liquid 
protein diet, mitral valve prolapse and organophosphate 
poisoning.?6-5 Q-T prolongation is the usual common 
denominator for the clinical settings associated with 
polymorphous ventricular tachycardia. It has been 
suggested that Q-T prolongation is accompanied by 
significantly increased temporal dispersion of ventric- 
ular refractory periods. This dispersion of refractoriness 
may create a situation conducive to reentrant ar- 
rhythmias, which seem to be the responsible mechanism 
for polymorphous ventricular tachycardia.? 

Class I antiarrhythmic drugs: In adults, poly- 
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FIGURE 4. Case 6. Episode of 
polymorphous ventricular tachy- 
cardia. Sinus rhythm just before 
initiation of arrhythmia is associated 
with a prolonged Q-T interval. 





FIGURE 5. Case 7. Episode of polymorphous 
ventricular tachycardia. Sinus rhythm before the 
event (bottom) is associated with a prolonged Q-T 
interval. 


morphous ventricular tachycardia is most commonly 
encountered secondary to drug administration. !:? Drugs 
associated with polymorphous ventricular tachycardia 
include psychotropic agents (phenothiazines and tri- 
cyclic antidepressant drugs) and prenylamine (an 
antianginal drug).^? Among antiarrhythmic agents, 
class I drugs have been typically associated with poly- 
morphous ventricular tachycardia. Type I drugs known 
to produce polymorphous ventricular tachycardia in- 
clude quinidine, procainamide, disopyramide, ajmaline 
and amiodarone.;2:45.10 

Among the type I agents, quinidine is most commonly 
associated with polymorphous ventricular tachycar- 
dia.^? Polymorphous ventricular tachycardia is the 
usual cause of quinidine syncope,!! which has been 
observed after administration of both small and large 
doses of this agent (idiosyncratic versus toxic) and is 
generally characterized by the presence of marked Q-T 
prolongation.!! The exact incidence of quinidine syn- 
cope is unknown but it has been observed in 4.4 percent 
of attempted conversions of atrial flutter or fibrillation 
with increasing doses of quinidine carrying a mortality 
rate of about 10 percent.? 
. Disopyramide, which has been available for the last 
few years, has also been associated with polymorphous 
ventricular tachycardia. Casedevant et al.^ in 1975 and 
later Nicholson et al.° described a total of four cases in 
which disopyramide at usual dosage caused Q-T pro- 
longation and subsequent occurrence of polymorphous 
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ventricular tachycardia. These cases closely resemble 
the described cases of quinidine syncope. 

Procainamide-induced polymorphous ventric- 
ular tachycardia: Although procainamide is generally 
accepted as a cause of polymorphous ventricular 
tachycardia,” there is little documentation of this as- 
sociation. In 1952, Read!? reported the occurrence of 
ventricular fibrillation after intravenous administration 
of 200 mg of procainamide in a patient with congestive 
heart failure. Simultaneously, Denney et al.!? described 
a patient in whom intravenous procainamide (500 mg 
in 5 minutes) accelerated ventricular tachycardia. This 
accelerated tachycardia was nonsustained and resem- 
bled (in retrospect) polymorphous ventricular tachy- 
cardia. Finally, sinus rhythm was restored and prolon- 
gation of the Q- T interval was observed. Interestingly, 
the arrhythmia did not recur despite continuation of 
procainamide therapy. 

In 1967, Castellanos and Salhanick!^ reported on a 
patient with ventricular tachycardia and moderate 
hemodynamic impairment who was given procainamide 
(700 mg in 28 minutes). Coarse ventricular fibrillation 
appeared a few minutes after drug administration, 
which did not respond to medical treatment and elec- 
trical countershock. Sclarovsky et al.,! in a previous 
review of 34 cases of polymorphous ventricular tachy- 
cardia, suggested that 5 cases were due to procainamide. 
However, a detailed description of these five cases was 
not reported. All previous reported cases of procain- 
amide toxicity (with induction of polymorphous ven- 
tricular tachycardia) occurred only during intravenous 
administration of procainamide. We found no case of 
polymorphous ventricular tachycardia that was directly 
related to long-term oral treatment with procain- 
amide. | 

In this study, we report seven new cases of procain- 
amide-induced polymorphous ventricular tachycardia. 
In four patients procainamide was intravenously ad- 
ministered during ventricular tachycardia and poly- 
morphous ventricular tachycardia appeared during the 
infusion of the drug. In two of these patients the ar- 
rhythmia was rapidly diagnosed and treated without 
recurrence. In the third patient, polymorphous ven- 
tricular tachycardia was not immediately diagnosed and 
procainamide therapy was continued; the rhythm de- 
generated into irreversible ventricular fibrillation. In 
the fourth patient, polymorphous ventricular tachy- 
cardia rapidly degenerated into irreversible ventricular 
fibrillation. 

All four cases resemble that reported by Castellanos 
and Salhanick! except that their patient had ventric- 
ular fibrillation rather than polymorphous ventricular 
tachycardia. It is likely that this arrhythmia resulted 
from polymorphous ventricular tachycardia. It is per- 
haps also relevant that several of our patients had recent 
myocardial infarction. Our fifth case is similar to pre- 

. vigus reported cases of quinidine syncope due to poly- 
morphous ventricular tachycardia. In this case, long- 
term administration of procainamide was associated 
with recurrent syncope, with multiple nonsustained 

^ dii of polymorphous ventricular tachycardia re- 


corded during monitoring and a prolonged Q-T interval. 
during sinus rhythm that gradually returned to normal 
values after discontinuation of the drug. 

In the last two patients the association of procain- 
amide and polymorphous ventricular tachycardia is 
probable. In the first of these two patients, mild hypos 
kalemia (a known cause of Q- T prolongation and poly- 
morphous ventricular tachycardia) was present. It may | 
be that procainamide alone would not have caused 
polymorphous ventricular tachycardia, and that hy- 
pokalemia facilitated the occurrence of this arrhythmia. 
In the last patient, procainamide therapy was not 
stopped despite documented polymorphous ventricular. 
tachycardia, but a permanent ventricular pacemaker 
was inserted. Ventricular pacing (temporary or per- 
manent) may allow total suppression of recurrent 
polymorphous ventricular tachycardia.!56 In this last 
patient, it was not feasible to stop both pacing and 
procainamide, so that the hypothesis that procainamide 
produced polymorphous ventricular tachycardia cannot | 
be proved. | 

Quinidine versus procainamide: Reports of poly- 
morphous ventricular tachycardia induced by quinidine 
vastly outnumber those in which the arrhythmia is- 
secondary to administration of procainamide. Because. 
both are agents commonly used, the discrepancy in re- 
ported cases would not appear to be caused by differ- 
ences in frequency of drug administration. In assessing 
the effect of intravenous administration on occurrence. 
of polymorphous ventricular tachycardia, we cannot. 
compare quinidine and procainamide because quinidine 
is seldom given intravenously. When administered 
orally procainamide (in contrast to quinidine) rarely 
induces polymorphous ventricular tachycardia. The 
cause for this difference in incidence of polymorphous 
ventricular tachycardia is unclear, but can be explained, 
in part, by postulating that, compared with quinidine, 
procainamide produces less prolongation of the Q-T 
interval.!? 

Clinical implications: Although procainamide- 
related polymorphous ventricular tachycardia is very 
uncommon, our seven cases suggest that physicians 
should be aware of this potential complication of pro- 
cainamide. Patients receiving intravenous procainamide 
during ventricular tachycardia should be observed 
carefully, because ventricular tachycardia can degen- 
erate to potentially fatal polymorphous ventricular 
tachycardia. Our cases suggest that this risk may be 
greater when ventricular tachycardia complicates recent 
myocardial infarction. Even though polymorphous 
ventricular tachycardia is rare during long-term oral 
administration of procainamide, attention should be 
given to the Q-T interval, particularly when symptoms 
of dizziness, presyncope or syncope appear. 
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Lidocaine was administered intravenously (a loading dose of 1.5 mg/kg 
body weight followed by a 3 mg/min infusion) to 10 patients with complete 
atrioventricular (A-V) block proximal to the His bundle and A-V junctional 
escape rhythm. A-V block was not due to an acute myocardial infarction 
in seven patients (group I) and was due to an acute inferior wall infarction 
in three patients (group Il). Lidocaine had either no or only a slight de- 
pressant effect on the rate of the escape pacemaker in patients in group 
| but caused severe bradycardia or asystole in two of three patients in 
group Il. Lidocaine had no consistent effect on the atrial rate and did not 
change the QRS duration and H-V intervals in any patient. These obser- 
vations are consistent with the results of animal studies that showed that 
lidocaine selectively depressed conduction in ischemic or depolarized 
myocardium. The findings also suggest that the use of lidocaine without 
prior insertion of a pacemaker is unsafe in patients with acute myocardial 
infarction and complete A-V block proximal to the His bundle. 





In a previous study from our laboratory,! we showed that the adminis- | 
tration of lidocaine is unsafe in patients with complete atrioventricular 


(A-V) block distal to the His bundle because the drug produced severe 
bradycardia or asystole in some patients. Our results suggested that 
lidocaine-induced bradycardia was due not to decreased automaticity 


of the escape ventricular pacemaker but to impaired propagation of . 


impulse from the escape focus. We postulated that the delayed con- 
duction or block, or both, of the impulse from the escape focus resulted 
from selective depression by lidocaine of the abnormal and partly de- 
polarized myocardium surrounding the escape pacemaker.! 

Scheinman et al.? reported on four patients with surgically induced 
A-V block in whom therapeutic concentrations of lidocaine had no effect 
on the automaticity or conduction of the A-V junctional escape pace- 
maker. However, we know of no studies dealing with the effect of lido- 
caine on the A-V junctional escape pacemaker in patients with acute 
myocardial infarction and complete A-V block. This study was designed 
to assess the effect of lidocaine on the A-V junctional escape pacemaker 
in patients with and without acute myocardial infarction in order to 
increase our understanding of the mechanism of antiarrhythmic effects 
of lidocaine, and to test the hypothesis that lidocaine depresses selec- 
tively the ischemic myocardium. 


Methods 


Study patients: Ten patients with complete A-V block requiring permanent 
or temporary ventricular pacing were studied after giving informed consent. The 
pertinent clinical information for all patients is shown in Table I. Patients were 
divided into two groups: Group I consisted of seven patients (Cases 1 to 7) whose 
A-V block was not due to an acute myocardial infarction; group II consisted of 
three patients (Cases 8 to 10) with acute inferior wall myocardial infarction 
complicated by complete A-V block. No patient had congestive heart failure, 
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hypotension or serum electrolyte abnormalities or was re- 
ceiving antiarrhythmic agents at the time of the study. 

Electrophysiologic studies with lidocaine: His bundle 
electrograms were recorded in a standard manner? using a tri- 
or quadripolar electrode catheter on paper moving at a speed 
of 100 mm/s. In all patients, a bipolar electrode catheter was 
placed in the right ventricular apex and connected to a Med- 
tronic pacemaker that was controlled manually or set in de- 
mand mode at a rate of 20 beats/min. Lidocaine was admin- 
istered intravenously as a loading dose of 1.5 mg/kg body 
weight given during a period of 2 minutes followed immedi- 
ately by an infusion of 3 mg/min for 10 minutes. The electro- 
cardiogram was recorded at 25 mm/s for 60 seconds every 2 
to 5 minutes during a 30 minute period immediately preceding 
the administration of lidocaine and continuously during the 
entire study of lidocaine. The control R-R and P-P intervals 
were determined by averaging all R-R and P-P intervals re- 
corded during the 60 second period preceding the adminis- 
tration of lidocaine. The effect of lidocaine was determined 
by averaging 10 consecutive R-R and P-P intervals when the 
duration of these intervals was maximal. In the presence of 
marked and abrupt changes in rate, each R-R interval was 
measured until the ventricular rate returned to control value 
or standby ventricular pacing was initiated. All patients were 
closely observed for potential untoward effects and their 
blood pressure was periodically checked throughout the 
study. 

Statistical analyses were performed using the unpaired t 
test and the chi-square test. 
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Results 


QRS pattern, duration of escape QRS complex 
and H-V interval (Table I): All patients had sinus 
rhythm. In each of the nine patients who had a His 
bundle electrogram recorded, the site of atrioventricular 
(A-V) block was proximal to the His bundle recording 
site. In one patient (Case 2) who did not have a His 
bundle electrogram recorded, the QRS complexes of 
escape rhythm were narrow and identical to the con- 
ducted QRS complexes noted before the development 
of complete A-V block. The rate of the escape pace- 
maker, the duration of the escape QRS complex and the 
H-V interval for each patient are shown in Table I. The 
QRS duration was 0.10 second or less in nine patients 
and 0.13 second in one patient. The QRS complexes of 
the escape pacemaker had a left bundle branch block 
pattern in one patient (Case 1) and an incomplete right 
bundle branch block pattern in a second patient (Case 
6). A third patient (Case 9) had a transient incomplete 
right bundle branch block pattern before the study. H-V 
intervals were normal in all patients. There was no 
significant difference in H-V intervals between patients 
in group I and group II. The difference in escape rate 
was also not significant (mean + standard deviation 46.7 
+ 6.3 beats/min for group I, versus 38.3 + 10 beats/min 
for group II, p >0.10). 





TABLE | 
Clinical Characteristics of 10 Patients With Complete Atrioventricular Block 
Plasma 
ECG of Atrial Rate Lido 
Age (yr) Clinical Escape Site of A-V Block Ks Escape Rate (beats/min) (beats/min) Level 
Case &Sex Diagnosis Complex & H-V Interval (mEq/liter) Pre Post %Change Pre Post (g/ml) 
Group |. Patients With No Acute Myocardial Infarction 
1 14F Congenital LBBB; QRS 0.13s Proximal to HB; 5.1 48 47 — 86 73 5.0 
AVB H-V 35 ms 
2 58M  CHB, LVH; QRS 0.08s PA 4.2 50 50 0 120 120 2.1 
PVD, 
COPD 
3 53M CHB, LVH; QRS 0.10s Proximal to HB; 3.9 56 55 a 97 100 
AS, H-V 50 ms 
Al 
4 66M CHB QRS 0.08s Proximal to HB; 4.0 39 36 —9 79 85 3.4 
H-V 30 ms 
5 71M CHB QRS 0.09s Proximal to HB; 4.9 38 31 —19 120... 115 
H-V 40 ms 
6 83M CHB, ASHD IRBBB; QRS 0.08s Proximal to HB; 4.0 46 40 *16 47 46 10.8 
H-V 55 ms 
7 71M CHB, MAC QRS 0.08s Proximal to HB; 4.5 43 - 97 —7 78 81 5.2 
H-V 30 ms 





Group ll. Patients With Acute Inferior Myocardial Infarction 





8 67M Acute MI, IM; QRS 0.08s Proximal to HB; 4.2 39 38 —5 80 74 5.4 
CHB H-V 45 ms 

9 60M Acute MI, IMI; transient Proximal to HB; 4.3 48 46* —4* 120 120 6.1 
CHB IRBBB; QRS 0.08s H-V 55 ms 

10 61M Acute MI, IM; QRS 0.08s Proximal to HB; 4.2 28 22^ —28* 91 91 5.0 
CHB H-V 50 ms 





* These values represent the maximal change in the rate before development of severe bradycardia or asystole. 

Al = aortic insufficiency; AS = aortic stenosis; ASHD = atherosclerotic heart disease; AVB = atrioventricular block; CHB = complete heart 
block; COPD = chronic obstructive pulmonary disease; ECG = electrocardiogram; HB = His bundle; IMI = inferior myocardial infarction; IRBBB 
= incomplete right bundle branch block; Ks = serum potassium; LBBB = left bundle branch block; Lido = lidocaine; LVH = left ventricular hypertrophy; 
MAC = mitral anulus calcification; Post = after lidocaine; Pre = before lidocaine; PVD = peripheral vascular disease. 
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After lidocaine, there was no change in the QRS 
pattern, the duration of escape QRS complex and the 
H-V interval in any of the 10 patients. Lidocaine pro- 
duced no consistent change in atrial rate (an increase 
in three, a decrease in four and no change in three pa- 
tients). 

Effect of lidocaine on the rate of the escape 
pacemaker (Table I): 

Group I: Lidocaine produced an average decrease of 
3.4 + 2.9 beats/min (range 0 to 7 beats/min or 9 + 8.4 
percent of control rate) in the rate of the escape pace- 
maker. The escape rate decreased by 1 beat/min in two 
patients, 3 beats/min in one patient, 6 beats/min in two 
patients and 7 beats/min in one patient; it remained 
unchanged in one patient. The change in the rate of the 
escape pacemaker was gradual with the maximal de- 


"| 
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crease occurring 3 to 5 minutes after the administration 
of the loading dose. In all patients, the rate gradually 
returned to control values after the infusion of lidocaine 
was discontinued. Figure 1 illustrates a case in which 
lidocaine caused gradual slowing of the escape rate from 
39 to 36 beats/min. 

Group II: In Patient 8, lidocaine caused a decrease 
in the rate of the escape pacemaker as in the patients 
in group I. In the other two patients (Cases 9 and 10), 
the escape rate initially decreased gradually as in pa- 
tients in group I, but within 30 to 60 seconds after ad- 
ministration of the loading dose the rate decreased 
abruptly and became less than half the control rate (Fig. 
2 and 3). Thus, two of the three patients in group II had 
marked and abrupt decrease in the escape rate whereas 


not one of the seven patients in Group I had such a 
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FIGURE 1. Case 4. Panel A, control period, panels dit 
B and C, 2 and 5 minutes after the bolus injection 
of lidocaine. The numbers below each strip indi- 
cate R-R intervals in milliseconds. Note the pro- 
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FIGURE 2. Case 10. His bundle electrogram during the administration of lidocaine (approximately 30 seconds after the loading dose). Panels A, 
B and C are continuous. In each panel from top to bottom are surface electrocardiographic leads |, Il and V, and the His bundle electrogram (HBE). 
The arrow in panel C indicates the artificial pacemaker spike. The numbers indicate R-R intervals in milliseconds. The site of block is proximal 
to«he His bundle recording site, and the H-V interval of the escape complexes measures 50 ms. A control recording, not shown, revealed an atrio- 
ventricular (A-V) junctional escape rhythm with an R-R interval of 2,150 ms and an H-V interval of 50 ms. The escape QRS complex was identical 
to the one shown in this figure. The plasma concentration of lidocaine was 5.0 ug/ml. A = atrial electrogram; H — His potential; T — time lines 
at 10 and 50 ms; V — ventricular electrogram. See text for details. 
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change in the escape rate. This difference is statistically 
1 significant (chi-square = 5.83, p <0.02). 


Figure 2 (Case 10) shows complete A-V block proximal to 
- the His bundle with a junctional escape rhythm. The H-V 
_ interval measures 50 ms. During the control period, the escape 
rate was 28 beats/min (R-R interval 2,150 ms). Within 30 
. seconds after the end of the loading dose, the R-R interval 
P increased first gradually to 2,750 ms (first R-R interval in 
. panel A), and then abruptly to 5,310, 2,810 and 6,750 ms in 
three consecutive cycles (panels A and B). The last of these 
; cycles was followed by a prolonged asystole that was termi- 
nated by the activation of the ventricular pacemaker (panel 
C). Infusion of lidocaine was discontinued, and the patient was 
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. FIGURE 4. Plasma lidocaine concentration (ug/ml) and pacemaker 
escape rate (vertical axis) are plotted against time (minutes) (horizontal 
axis) in six patients (Cases 1, 2, 4 and 6 to 8). Squares and circles in- 
dicate mean escape rates and mean plasma lidocaine concentrations, 
respectively. Vertical bars indicate +1 standard deviation. bpm = beats 
per minute; Imm = immediately after the loading dose. 
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FIGURE 3. Case 9. Panel A, control study; panels B, 
C and D, continuous strips recorded 20 to 30 seconds 
after the loading dose of lidocaine was given. The last 
complex in panel C marked with an asterisk is re- 
peated in the beginning of panel D. The plasma con- 
centration of lidocaine was 6.1 ug/ml. Note that the 
P-P interval did not change after lidocaine. Abbrevi- 
ations as in Figure 1. See text for details. 
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monitored until the rate of the escape pacemaker returned to 
the control value. Lidocaine did not change the QRS complex 
and the H-V interval. 

In Figure 3 (Case 9), the rate of the escape pacemaker be- 
fore lidocaine was 48 beats/min (R-R interval 1,250 ms) (panel 
A). During the administration of lidocaine, the R-R interval 
gradually increased (panels B and C), and within 30 seconds 
after termination of the loading dose, the escape pacemaker 
suddenly failed and the demand ventricular pacemaker was 
activated (panel D). The interval between the last escape 
complex and the first paced complex measured 2,850 ms, 
which is more than two times the preceding R-R interval. 
Infusion of lidocaine was discontinued and the patient was 
monitored until the rate of the escape pacemaker returned to 
the control value. 


Plasma lidocaine concentrations: Plasma con- 
centrations of lidocaine were measured in eight patients 
and ranged from 2.1 to 10.8 ug/ml (mean + standard 
deviation 5.4 + 2.5 ug/ml). Plasma lidocaine concen- 
trations were not determined in two patients (Cases 3 
and 5). Serial plasma lidocaine concentrations were 
determined at the following intervals: immediately and 
1, 2, 3 and 5 minutes after the loading dose. Figure 4 
shows the relation between the escape rate and plasma 
lidocaine concentrations in six patients (Cases 1, 2, 4 and 
6 to 8) during the first 5 minutes after administration 
of lidocaine. Whereas maximal lidocaine concentration 
was achieved at 2 minutes, the maximal decrease in the 
escape rate occurred 3 to 5 minutes after the loading 
dose. For Patients 8 and 9, such plasma concentra- 
tion-escape rate relation curves could not be constructed 
because of artificial pacemaker activation within 2 
minutes after the administration of lidocaine. 

Adverse effects: One patient complained of tran- 
sient dizziness immediately after the bolus injection. 
Lidocaine produced no hypotension or other untoward 
effects. 


Discussion ° 


Electrophysiologic effect of lidocaine on Pur- 
kinje and ventricular fibers: Studies in isolated 


Purkinje and ventricular fibers and in intact animal 
hearts have shown that lidocaine in therapeutic con- 
centrations depresses or abolishes the spontaneous 
phase 4 depolarization in Purkinje fibers, decreases 
diastolic excitability without changing the threshold 
. potential, but does not change the maximal first de- 
. rivative (dV/dt)max of the upstroke of the action po- 
tential and conduction velocity in nondepolarized 
Purkinje and ventricular fibers.*-?! However, in the 
presence of high extracellular potassium concentra- 
tion*?? or myocardial ischemia, lidocaine reduces 
(dV/dt)max and depresses conduction in Purkinje fibers 
and ventricular myocardium. Therapeutic concentra- 
tions of lidocaine do not affect the pacemaker activity 
or upstroke velocity of pacemaker fibers dependent on 
slow channel activity,!? such as that postulated to be 
responsible for the pacemaker activity of the sinoatrial 
node.'* However, toxic concentrations of the drug may 
depress slow channel-dependent automaticity.!? 

Effects of lidocaine on A-V heart block: The re- 
sults of our study show that therapeutic doses of lido- 
caine may cause severe bradycardia or asystole in pa- 
tients with complete A-V block due to acute myocardial 
infarction, but not in patients whose A-V block is not 
due to acute myocardial infarction. We do not know 
which electrophysiologic properties of lidocaine were 
responsible for the observed differences between pa- 
tients in groups I and II. 

Although plasma lidocaine levels in two patients in 
group II who had marked slowing of the escape pace- 
maker were slightly higher than the generally accepted 
therapeutic levels, they were not significantly different 
from lidocaine levels in patients in group I or in the third 
patient (Case 8) in group II. Furthermore, these con- 
centrations did not prolong the QRS duration or H-V 
interval of escape complexes. Serum potassium con- 
centration was normal in all patients and not signifi- 
cantly different in the two groups. 

. Effect of lidocaine on the A-V junctional escape 
pacemaker: The exact site and the characteristics of 
the A-V junctional escape pacemaker in our patients are 
not known. An escape pacemaker situated in the prox- 
imal portion of the His bundle may be suppressed by 
lidocaine because the electrophysiologic characteristics 
of pacemaker fibers in this region are similar to those 
of a Purkinje fiber. However, if an escape pacemaker is 
situated within the A-V node and is dependent on slow 
channel activity,!^ it may be insensitive to the thera- 
peutic concentrations of lidocaine. The possibility that 
different effects of lidocaine were due to different types 
of escape pacemakers in patients in groups I and II is 
unlikely because lidocaine had no effect on the rate of 
the sinoatrial node, a slow channel-dependent pace- 
maker, and because the manner in which the escape rate 
decreased suggested an exit block rather than a gradual 
suppression of spontaneous phase 4 depolarization. In 
Case 10, the control escape rate was markedly slower 
than in the remaining patients. This finding raises the 
possibility that in this patient the escape pacemaker 
may be located more distally within the His bundle and 
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LIDOCAINE AND ATRIOVENTRICULAR JUNCTIONAL PACEMAKER—KUO AND REDDY 


the marked slowing of the escape pacemaker by lido- 
caine may be due to the distal location of the escape 
pacemaker. However, this explanation is unlikely be- ; 
cause (1) a similar effect was also observed in Case 9 in. 
whom the escape rate was comparable with or faster : 
than that in many group I patients, and (2) our previous 
study! has shown that lidocaine had minimal depressant - 
effect on the automaticity of an escape pacemaker lo- | 
cated distal to the His bundle. ; 

Effect of lidocaine on ischemic versus normal 
myocardium: The most likely explanation for the dif- - 
ferent effects of lidocaine on the escape pacemaker in 
patients in groups I and II is the selective drug effect on - 
depolarized ischemic myocardium. Therapeutic con- - 
centrations of lidocaine do not affect conduction in 
normal myocardium but they slow conduction in the 
ischemic myocardium and decrease diastolic excitability 
more in the ischemic than in the normal myocardium.9- 
Because both the atrioventricular node and the proxi- 
mal His-Purkinje system have a common source of 
blood supply,! it is reasonable to assume that the es- 
cape pacemaker or the surrounding myocardium, or 
both, had variable degrees of ischemic injury. This 
finding suggests that a critical depression of conduction 
or excitability, or both, by lidocaine in this area my re- | 
sult in sudden and marked decrease in the escape rate - 
without change in the QRS duration or H-V intervalas 
observed in our patients. The absence of significant 
slowing of rate of the escape pacemaker in one patient | 
with acute myocardial infarction must be attributed to 
the probable absence of ischemic damage to the ectopic 
pacemaker and the adjacent myocardium in this pa- 
tient. We believe that our observation provides the first 
clinical evidence in support of the concept that lidocaine 
has a greater depressant effect on ischemic than on 
nonischemic myocardium as shown previously in animal - 
studies.®7 








mi 


Clinical implications: Our results may be relevant | 


to the understanding of the mechanism of antiar- 
rhythmic effects of lidocaing in human beings. Lido- 
caine in plasma concentrations considered therapeutic 
in suppressing ventricular arrhythmia apparently has 
no significant depressant effect on the escape pace- 
maker in the absence of acute myocardial infarction but 
inhibits escape activity in the presence of acute myo- 
cardial infarction. 'The differences between the effect 
of the drug on the acutely ischemic and the apparently 
nonischemic myocardium suggest that the antiar- 
rhythmic effect of lidocaine may be due to its ability to 
depress conduction in ischemic myocardium rather than 


to improve conduction or to suppress the normal or _ 


abnormal automaticity. Further progress in the un- 
derstanding of the antiarrhythmic action of lidocaine 
must await a better understanding of the mechanism 
of the arrhythmias affected by the drug. 
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BRIEF SUMMARY 


CLINICAL PHARMACOLOGY 


When injected intravenously TechneScan PYP Tc 99m has a specific affinity for areas 
of altered osteogenesis. It is also concentrated in the injured myocardium, primarily 
in areas of irreversibly damaged myocardial cells. 


One to two hours after intravenous injection of TechneScan PYP Tc 99m, an estimated 
40 to 50 percent of the injected dose has been taken up by the skeleton and approx- 
imately 0.01 to 0.02 percent per gram by acutely infarcted myocardium. Within a 
‘period of one hour, 10 to 11 percent remains in the vascular system, declining to ap- 
‘proximately 2 to 3 percent twenty-four hours post-injection. The average urinary ex- 
[pretion was observed to be about 40 percent of the administered dose after 24 hours. 


TechneScan PYP also has an affinity for red blood cells. When administered 30 
minutes prior to the intravenous administration of sodium pertechnetate Tc-99m ap- 
‘proximately 76 percent of the injected activity remains in the blood pool providing ex- 
cellent images of the cardiac chambers. 


INDICATIONS ANDUSAGE 


TechneScan PYP Tc 99m is a skeletal imaging agent used to demonstrate areas of 
altered osteogenesis, and a cardiac imaging agent used as an adjunct in the 
diagnosis of acute myocardial infarction. 


As an adjunct in the diagnosis of confirmed myocardial infarction (ECG and serum 
enzymes positive), the incidence of false negative images has been found to be 6 per- 
cent. False negative images can also occur if made too early in the evolutionary phase 
of the infarct or too late in the resolution phase. In a limited study involving 22 pa- 
tients in whom the ECG was positive and serum enzymes questionable or negative, 
but in whom the final diagnosis of acute myocardial infarction was made, the in- 
cidence of false negative images was 23 percent. The incidence of false positive im- 
ages has been found to be 7 to 9 percent. False positive images have also been 
reported following coronary by-pass graft surgery, in unstable angina pectoris, old 
myocardial infarcts and in cardiac contusions. 


TechneScan PYP is a blood pool imaging agent which may be used for gated cardiac 
blood pool imaging. When administered intravenously 30 minutes prior to the in- 
travenous administration of sodium pertechnetate Tc-99m approximately 76 percent 
of the injected activity remains in the blood pool. 


CONTRAINDICATIONS 


None. 


WARNINGS 


This radiopharmaceutical should not be administered to patients who are pregnant or 
lactating unless the information to be gained outweighs the potential hazards. 


Ideally, examinations using radiopharmaceuticals, especially those elective in 
nature, of a woman of childbearing capability should be performed during the first 
few (approximately 10) days following the onset of menses. 


Warning: Preliminary reports indicate impairment of brain scans using pertechnetate 
Tc-99m which have been preceded by bone scan. The impairment may result in false 
positives or false negatives. It is recommended, where feasible, that brain scans 
precede bone imaging procedures. 


Radiopharmaceuticals should be used only by physicians who are qualified by 
Specific training in the safe use and handling of radionuclides produced by nuclear 
reactor or particle accelerator and whose experience and training have been approv- 
ed by the appropriate government agency authorized to license the use of 
radionuclides. 


The TechneScan PYP Kit mus: be maintained at refrigerator temperature until use. 


The contents of the TechneScan PYP reaction vial are intended for use in the prepara- 
tion of Technetium Tc 99m Stannous Pyrophosphate. TechneScan PYP may also be 
reconstituted with sterile, pyrogen-free normal saline containing no preservatives 
and injected intravenously prior to the administration of sodium pertechnetate 
Tc-99m. 


Sodium pertechnetate Tc-99m solutions containing an oxidizing agent are not 
suitable for use with the TechneScan PYP Kit. 


Thecontents of thekit are not radioactive. However, after the sodium pertechnetate Tc- 
99m is added, adequate shielding of the final preparation must be maintained. 


TechneScan PYP Tc 99m should not be used more than six hours after preparation. 


PRECAUTIONS 


As in the use of any other radioactive material, care should be taken to insure 
minimum radiation exposure to the patient, consistent with proper patient manage- 
ment, and to insure minimum radiation exposure to occupational workers. 


Bone Imaging 


Both prior to and following TechneScan PYP Tc 99m administration, patients should 
be encouraged to drink fluids. Patients should void as often as possible after the 
TechneScan PYP Tc 99m injection to minimize background interference from ac- 
cumulation in the bladder and unnecessary exposure to radiation. 


Cardiac Imaging 


Patient's cardiac condition should be stable before beginning the cardiac imaging 
procedure. 


If not contraindicated by the cardiac status, patients should be encouraged to ingest 
fluids and to void frequently in order to reduce unnecessary radiation exposure. 


Interference from chest wall lesions such as breast tumors and healing rib fractures 
can be minimized by employ:ng the three recommended projections. 


Blood Pool Imaging 


TechneScan PYP should be injected by direct venipuncture. Heparinized catheter 
systems should be avoided. 


ADVERSE REACTIONS 


None. 


HOW SUPPLIED 


Catalog Number — 094 TechneScan PYP 
Technetium Tc 99m Pyrophosphate Kit. 
Kit Contains: 


5—Stannous Pyrophosphate Reaction Vials (lyophilized) for the preparation of 
Technetium Tc-99m Stannous Pyrophosphate. 


Reaction Vial Contains: 


12.0 mg sodium pyrophosphate and 3.4 mg stannous chloride (lyophilized). 
Hydrochloric acid is added for pH adjustment prior to lyophilization. 


5— Radioassay Information String Tags. 


For complete prescribing information, see package insert. 


Mallinckrodt 






Mallinckrodt, Inc. 


Diagnostics 


PO. Box 5840, St. Louis, Missouri 63134 


A94 

















commending full-flavored High Point 
n improve patients' willingness to 
uce caffeine intake. 


en you feel that reduced caffeine consumption 
herapeutically appropriate, consider recom- 
nding High Point ? Instant Decaffeinated 

ee, With High Point, your patients can enjoy 
real coffee flavor they love with only 1-4 mg. 
affeine per 8-ounce cup, instead of the 45-125 

. in a cup of regular instant coffee. High 

nt's great flavor helps patients comply with 
ffeine-reduction regimen. 


aul 


DECAFFEINATED COFFE! 


A satisfied patient... 
oecause High Puint's flavor makes 
'educing caffeine enjoyable. 





High Point's true coffee flavor starts with a 
unique blend of premium decaffeinated coffee 
beans. À patented extra step helps preserve the 
real coffee flavor ordinarily lost during conven- 
tional decaffeinated coffee processing — yet, 
High Point is 97% caffeine free. 


High Point . . . when caffeine reduction 
is therapeutically appropriate. 


For a coupon to obtain a free jar of High Point, send a request on 
your letterhead to: Professional Services Division, P.O. Box 171, 
Cincinnati, OH 45201. 








Just I "CEU a EET PEPA T = eo Te SET 
ust published: 


Laragh’s eagerly awaited new guide 
to understanding, diagnosing, 

and treating Hypertension 

in its many forms... 


TOPICS IN 
HYPERTENSION 





qc Edited by JOHN H. LARAGH, MD 
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Comprehensively indexed. $49.00. 
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High blood pressure is no longer only a problem of worldwide in- 
terest and relevance. It is now one in which the knowledge base 
has exploded to the point where the informed physician can do 
more and more about it in his daily practice. . . and can apply, to 
an ever-increasing extent, more sophisticated and individually 
tailored therapies. 


Laragh's TOPICS IN HYPERTENSION places this kind of vital 
knowledge within instant reach of the physician. It presents a 
carefully selected array of discussions by 85 eminent specialists. It 
deals in depth with recent breakthroughs in understanding, diag- 
nosing, and treating this problem. 


The book is conveniently organized for effective consultation and 
reading. 


Check the helpful contents... 


SECTION 1 

Some Biochemical and Pathophysiologic Aspects 

1 The Biochemistry of the Renin-Angiotensin System and Its Role in 
Hypertension 2 Conversion of Angiotensin I to Angiotensin II 3 
Angiotensin Receptors in Vascular Tissue 4 Vascular Angiotensin 
Receptors and Their Role in Blood Pressure Control 5 Renal 
Prostaglandins and the Regulation of Blood Pressure Renin Release and 
Sodium and Water Homeostasis 6 Linking the Kallikrein and Renin 
Systems via Activation of Inactive Renin: New Data and a Hypothesis 7 
Control of Renin Release: Experimental Evidence and Clinical 
Implications 8 Blood Rheology in Hypertension and Cardiovascular 
Diseases 9 Renal Circulation in Hypertensive Disease 10 The Concept of 
Autoregulation of Total Blood Flow and Its Role in Hypertension 11 A 
Proposed Cybernetic System for Sodium and Potassium Homeostasis: 
Coordination of Aldosterone and Intrarenal Physical Factors 
SECTION 2 

Newer Physiologic Approaches to Diagnosis 

12 Renin-Sodium Profiling: Why, How and When in Clinical Practice 13 
How to Do a Plasma Renin Assay 14 The Renin Axis and 
Vasoconstriction Volume Analysis for Understanding and Treating 
Renovascular and Renal Hypertension 15 Clinical and Laboratory 
Diagnosis of Adrenocortical Hypertension 

SECTION 3 

Clinical and Prognostic Aspects 

16 High Blood Pressure in Children: Problems and Guidelines for 
Evaluation and Treatment 17 Systolic Hypertension: Nonhomogeneous 
Diseases 18 Hypertension Associated with Early Stage Kidney Disease 19 
Elevation of Serum Lipid Levels During Diuretic Therapy of 
Hypertension 20 Renin and Aldosterone Secretion in 
Pheochromocytoma: Effect of Chronic Alpha Adrenergic Receptor 
Blockade 21 Pathogenesis of Hypertension in Cushing's Syndrome: 
Glucocorticoid Excess 22 The Renin-Sodium Profile as a Predictor of 
Hypertensive Complications 23 The Hypertensive Diseases 

SECTION 4 

Modes of Therapy 

PART I Beta Blockade 

24 Acute and Long-term Studies of the Mechanisms of Action of Beta 
Blocking Drugs in Lowering Blood Pressure 25 The Role of Beta 
Adrenoreceptor Blockade in Hypertension 26 Rapid Identification of 
Patients with Essential Hypertension Sensitive to Beta Blockade 27 The 
Predictive Value of Renin Profiling in the Choice of Treatment in Primary 
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Hypertension, with Special Reference to Patients with Low Renin Values 
28 Prazosin: An Alpha Adrenergic Blocking Agent in Treatment of 
Hypertension 29 Antihypertensive Effectiveness of Propranolol: Role of 
the Renin-Aldosterone Axis 30 Antihypertensive Beta Blocking Action as 
Related to Renin and Age: A Pharmacologic Tool to Identify 
Pathogenetic Mechanisms in Essential Hypertension 31 Modern System 
for Treating High Blood Pressure Based on Renin Profiling and 
Vasoconstriction- Volume Analysis: A Primary Role for Beta Blocking 
Drugs such as Propranolol 

PART II Saralasin 

32 Usefulness and Limitations of Saralasin, a Partial Competitive 
Agonist of Angiotensin II, for Evaluating the Renin and Sodium Factors 
in Hypertensive Patients 33 AngiotensinBlockade: Its ClinicalSignificance 
PART III Converting Enzyme Blockade: Basic and Clinical Aspects 

34 The Renin System in High Blood Pressure: Converting Enzyme 
Blockade for Analysis and Treatment 35 Estimating Renin Participation 
in Hypertension: Superiority of Converting Enzyme Inhibitor over 
Saralasin 36 Clinical Experience with Blockade of the Renin-Angiotensin- 
Aldosterone System by an Oral Converting Enzyme Inhibitor (Captopril) 
in Hypertensive Patients 
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Introducing the first new 

benzodiazepine for sleep...in a decade 

New RESTORIL (temazepam) has the shortest half-life of any 
current hypnotic benzodiazepine. It will provide hypnotic 
action with minimal drug accumulation. Most patients 
awaken from a full night's sleep alert and refreshed. Also, 
RESTORIL (temazepam) affords sleep right from the first night 
for patients with insomnia, e.g., outpatients, hospitalized or 
convalescent/nursing home patients. RESTORIL (temazepam) 
has been tested and proved effective not only in sleep labs but 
in the patients’ bedrooms—the environment where the 
problem exists. 





© 1981 Sandoz, Inc. 


A98 


ng/ml 





A short half-life... 
an "ideal" half-life 


A short half-life 


REsTORII? (temazepam) has a mean half-life of 
10 hours, the mean half-life of flurazepam is 

65 hours. This shorter half-life permits clearance 
of most medication priorto the next dose. 

The half-life of REsrORIL (temazepam) 
parallels normal sleep time thereby reducing the 
frequency of middle-of-the-night and early 
morning awakenings. 
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Minimal to no accumulation 

RESTORIL (temazepam) shows minimal to no 
accumulation in the body. The activity is 
essentially limited to the night of ingestion...the 
effect is not additive. This rapid elimination 

and lack of accumulation virtually eliminates 
residual hangover effects. Most patients 
awaken from a full night’s sleep feeling alert and 
refreshed. REM sleep remains virtually 
unchanged. 


Accumulation 

of the active 
metabolite of 
flurazepam* 
Measured 24 hours 


administered 


Accumulation 

of temazepam’ 
Measured at 

3, 12 and 24 

hours after 

a single dose (30 mg) 
administered 


10 I] 12 133 14 days 


l. Sleeping Pills, Insomnia, and Medical Practice. Washington, DC, National Academy of Sciences, 


Institute of Medicine: Division of Mental Health and Behavioral Medicine, 1979, p 143. 


2. Kaplan SA, et al: J Pharm Sci 62: 1932, 1973: Mean of 4 patients through 14 days of therapy. 
3. Schwarz HJ: Br J Clin Pharmacol 8:23s, 1979: Mean of 7 patients through 5 days of therapy (solid line), 


projected to 14 days (dotted line). 
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- Works one night at a time... 
- from the first night 


[ 
Highly effective An alert awakening... 


_ In 21 double-blind, placebo-controlled studies and an alert patient 
involving 1,221 adult patients (508 of whom received Because of the short half-life of RESTORIL 







 RESTORII® capsules), RESTORIL (temazepam) proved 


to be an effective sleep agent. drug in the body, leaving the patient essentially free 
The following advantages were noted: of drug effect and showing little or no impairment 
* Therapeutically effective on the firstnightoftherapy of behavior in the morning. In placebo-controlled 


(temazepam) there is minimal accumulation of 


Significantly reduced number of nocturnal studies, patients receiving RESTORIL capsules 
. awakenings . reported being at least as awake in the morning and 
.* Effective total sleep time of 7 to 8 hours _ as alert the following day as did the patients who 
.* Significant improvement in general quality of sleep received placebo. 
_* Residual medication effect essentially absent 
-* REM sleep remains essentially unchanged Useful for most 
* No tolerance reported to date after approximately adult insomniacs 


. one month of use (25 patients) 

. Patients receiving RESTORIL (temazepam) should 
.. becautioned about possible combined effects with 
. aleoholandother CNS depressants, and about 

| operating machinery or driving a vehicle after “Recommended initial dose for elderly patients is one 15 mg capsule. 
_ ingesting the drug. 


RESTORIL (temazepam) has been used effectively 
in adult and elderly patients* with recurring 
insomnia, and in situations requiring restful sleep. 


1 
: 
| 
, 
© 


NIMM OPI ied penne acne a 





"e: 


3 ht. Te "E NT ERA = p" "WT = M p - 
A Ra THIRTY WWE IERI a UE nr Ci 
p" ` we) - i e un E 7 


RESTOR 


temazepam 


One dose... one nigh 
no more...no less 


new 


RESTORIL? (temazepam) (V. capsules 


One 30-mg capsule. h.s.—usual adult dosage. 
One I5-mg capsule, h.s.—recommended initial dosage 
for elderly or debilitated patients. 
INDICATIONS AND USAGE: Restoril® (temazepam) is indicated for the 
relief of insomnia associated with complaints of difficulty in falling asleep, 
frequent nocturnal awakenings, and/or early morning awakenin gs. Since 
insomnia is often transient and intermittent, the prolonged administration of 
Restoril is poer not necessary or recommended. Restoril has been 
employed for sleep maintenance for up to 35 consecutive nights of drug 
administration in sleep laboratory studies. 

The possibility that the insomnia may be related to a condition for which 
there is more specific treatment, should be considered. 
C ICATIONS: Restoril is contraindicated in pregnant women. 
Benzodiazepines may cause fetal damage when administered owns preg- 
nancy. An increased risk of congenital malformations associated with the use 
of diazepam and chlordiazepoxide during the first trimester of pregnancy has 


_ been suggested in several studies. Also, ingestion of therapeutic doses of ben- 


— 





~ zodiazepine Dieta during the last weeks of pregnancy has resulted in 
P 


neonatal CNS depression. Consider a possibility of pregnancy when institut- 
in eror whether patient intends to become pregnant. 
PRECAUTIONS: In elderly and debilitated patients, it is recommended that 
initial dosage be limited to I5 mg. The usual precautions are indicated for 
severely depressed patients or those in whom there is any evidence of latent 
depression: it should be recognized that suicidal tendencies may be present 
and protective measures may be necessary. 

If Restoril is to be combined with other drugs having known hypnotic 
properties or CNS-depressant effects, due consideration should be given to 
potential additive effects. 

Restoril is a controlled substance in Schedule IV. Caution must be exer- 
cised in addiction-prone individuals or those who might increase dosage. 
Information for Patients: Patients receiving Restoril should be cautioned 
about possible combined effects with alcohol and other CNS depressants. 
Patients should be cautioned not to operate machinery or drive a motor vehi- 
cle. They should be advised of the possibility of disturbed nocturnal sleep for 
the first or second night after discontinuing the drug. 

Laboratory Tests: The usual precautions should be observed in patients with 
impaired renal or hepatic function. Abnormal liver function tests as well as 
blood dyscrasias have been reported with benzodiazepines. 

Pregnancy: dece Category X. See Contraindications. 

Pediatric Use: Safety and eifteiviques in children below the age of 18 years 
have not been established. 

ADVERSE REACTIONS: The most common adverse reactions were drows- 
iness, dizziness and lethargy. Other side effects include confusion, euphoria 
and relaxed feeling. Less commonly reported were weakness, anorexia and 
diarrhea. Rarely reported were tremor, ataxia, lack of concentration, loss of 
equilibrium, falling and palpitations. And rarely reported were hallucina- 
tions, horizontal nystagntus and paradoxical reactions, including excitement, 
stimuPation and hyperactivity. 

DOSAGE AND MINISTRATION: Adults: 30 mg usual dosage before 
retiring: 15 mg may suffice in some. Elderly and debilitated: 15 mg recom- 
mended initially until individual response is determined. 

SUPPLIED: Restoril (temazepam) capsules—15 mg, maroon and pink, 
imprinted "RESTORIL I5 mg": 30 mg, maroon and blue, imprinted “RESTORIL 
30 mg”. Packages of 100. 500 and Control Pak® packages of 25 capsules (con- 
tinuous reverse-numbered roll of sealed blisters). 


Before prescribing, see package insert for full product information. 
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me more sophisticated and as advanced methods for patient 
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for long-term cardiac pacing include, but are not limited to: 
ick sinus syndrome: (2) chronic. symptomatic drug-resistant 
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sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, 
symptomatic second-degree or third-degree A-V block; (4) recur- 
rent Adams-Stokes syndrome; (5) bradycardia- tachycardia syn- 
drome; (6) symptomatic bilateral bundle branch block; and (7) 
hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting such symptoms as intractable, 
recurrent congestive heart failure; cerebral or renal insufficiency; 
or recurrent. drug-resistant tachvarrhvthmias. and who have been 





candidates for permanent cardiac pacing. 

The indications for permanent pacing in the presence of acute 
mvocardial infarction have not yet been rigorously defined. Fact 
to be considered include the location of the myocardial infarct, 
presence or absence of symptoms, ventricular rate, the mechani 
of the arrhythmias, and response to therapy. In general, sympto- 
matic drug-resistant bradyarrhythmias which impair cardiac out 
are considered indications for pacing in patients with acute my 


here are no known contraindications to the use of pacemakers 


and nerve stimulation, embolism, and cardiac tamponade have 
n reported. 


AUTION: Federal (U.S. A.) law restricts this 


device to sale by or on the order of 


medical method for control of heart rate. However, body rejec- 
phenomena such as local tissue reaction or skin necrosis, mus- 









back in the saddle. 
TIMELY HEART SURGERY, AND A CYBERLITH® 
PACEMAKER, RESTORED THE YOUTHFUL VIGOR OF 


THIS YOUNG VICTIM OF A CONGENITAL CARDIAC 
DEFECT. 


Jumping, running, playing, riding. ..all are normal, everyday pursuits 
of a typical pre-schooler. But Cedric Turgeon, at three, tired too easily, 
and ran out of breath too quickly. His symptoms became acute one day, 
and his parents rushed Cedric from his home in Tampa, Florida, to the 
hospital. 


Doctors performed a cardiac catheterization to reveal the extent of 
the youngster's heart defects. Surgery was performed, at which time 
temporary cardiac pacing was required. Ten days later, a permanent 
pacemaker— a CyberLith— was implanted. 


Now 412 years old, Cedric is back to his old tricks, with one excep- 
tion: his energetic momentum is unabated. His friends find Cedric as 
competitive as the best of them. 


And Cedric needn't suffer a routine of frequent trips to the hospital, 
because Cedric's doctor monitors the pacemaker telephonically. 


If changes are required, Cedric's physician can change pacing 
parameters noninvasively. 


Cedric's CyberLith is just one model in the growing family of spe- 
cialized Intermedics CyberLith pacemakers. These thin, lightweight 
units permit noninvasive programming of stimulation rate, pulse 
width, sensitivity level and pacing mode. And CyberLith’s history of 
reliability is longer than any other multi-programmable pacemaker line. 


CyberL ith put Cedric back in the saddle. It could be the pacemaker 
of choice for your patients. 


Location of some photos courtesy of The Dark Continent, Busch Gardens, Tampa, Florida. 
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THE TRENDSETTER™ — The top- 
of-the-line scanner for integrated ECG, 
blood pressure and pacemaker eral- 
uation, together with comprehensive 
alphanumeric/ graphic summaries. 


VIS-U-SCAN™ — The high-speed system 
that puts 24 hours of EGG in your bands 
in three minutes flat without missing 
a beat. 





SMART SCANNERS, There’s a Del Mar Avionics ECG scanner that satisfies your most exacting 


requirements — in the hospital or in your office. And a worldwide network of service 
SMART VALUES centers assures fast, professional response when you need it, where you need it. 
An outstanding Education and Training staff rounds out our commitment to 
excellence. Training courses extend the skills and knowledge of your staff in the appl 


cation of ECG principles to Holter System data analysis. 
Our full line of smart scanners coupled with the extra services only a leader 
can provide, makes your investment in a Del Mar Avionics system a smart move. Ca 


your local representative today. 
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Holter scanning system handles the 
workload right in your office. Two 
channels of data with memory-scope 
display make it fast, flexible and 


easy-to-use. 


THE EVALUATOR™ NEW! — The middle- 
of-the-line Holter ECG scanner— 
microprocessor-controlled, features 
“smart” arrhythmia analyzer. 


or more information, call any one of our Corporate Sales and Service Offices: 


ATLANTA (404) 952-0012 
BALTIMORE (301) 561-0990 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 866-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
EDISON, NJ (201) 548-6600 
HOUSTON (713) 780-9232 
ACKSONVILLE (904) 642-1694 











KANSAS CITY (816) 373-1117 
LINCOLN (402) 474-2650 
*LITTLE ROCK (501) 277-0217 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 540-3324 
* MEMPHIS (901) 725-6899 
MIAMI (405) 981-0405 
MINNEAPOLIS (612) 941-6030 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 563-1312 


*PORTSMOUTH (804) 397-3251 
*ROCHESTER, NY (716) 422-6772 
*SAIT LAKE CITY (801) 487-1344 
*SAN ANTONIO (512) 696-1042 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
*SEATTLE (206) 364-2940 





ST. LOUIS (314) 739-8151 

TAMPA (813) 879-8280 

*TULSA (918) 836-6749 

VAN NUYS (213) 787-5424 

ATHENS 671-7170, Telex 214227 (EXSE GR) 
BRUSSELS 720-7405, Telex 61791 (AVONIX 


Carens: athnrivord le t ronrecantatic 
Factory auunornzeu naden t eser tates 


DEL MAR AVIONICS 


1601 Alton Avenue at Red Hill, Irvine, CA 92714 


Telephone: (714) 549-1500 Telex: 68-5621 


Outside California (800) 854-0481. Inside California (800) 432-8446 
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tablets a year 














*For patients who cannot tolerate or refuse to take a liquid potassium supplement. 
tBased on a 40 mEq/day dosage regimen. 









Switch from the 
leading KGI tablet to 


KLOT RIA 


(POTASSIUM CHLORIDE) 


SLOW-RELEASE TABLETS 10 mEq 


Klotrix contains more potassium chloride per 
tablet — 10 mEq. Its patented, dual-control 
delivery system allows Klotrix to release KCl... 
Slowly and smoothly. The result: fewer tablets 
do the job. Switch to Klotrix and spare your 
patients a lot of extra tablets; it's a nice way to 
encourage compliance. 











nice savings 
here,too c 
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- (POTASSIUM CHLORIDE) 


SLOW-RELEASE TABLETS 10 mEq 


5 DESCRIPTION KLOTRIX is a film-coated (not enteric-coated) tablet containing 750 mg potassium 
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chloride (equivalent to 10 mEq) in a wax matrix. This formulation is intended to provide a 
controlled release of potassium from the matrix to minimize the likelihood of producing high 
localized concentrations of potassium within the gastrointestinal tract. 

INDICATIONS — BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 
SHOULD BE RESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE 
LIQUID OR EFFERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE 


ISA PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 


]. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis; in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites; states of aldosterone excess with normal renal function; 
potassium-losing nephropathy, and certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- 
tension is often unnecessary when such patients have a normal dietary pattern. Serum potassium 
should be checked periodically, however, and, if hypokalemia occurs, dietary supplementation 
with potassium-containing foods may be adequate to control milder cases. In more severe cases 
supplementation with potassium salts may be indicated. 

CONTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium 


‘concentration in such patients can produce cardiac arrest. Hyperkalemia may complicate any of 


the following conditions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- 


= tration of a potassium-sparing diuretic (eg, spironolactone, triamterene). 

-. Wax-matrix potassium chloride preparations have produced esophageal ulceration in certain 

- Cardiac patients with esophageal compression due to enlarged left atrium. 

Ail solid dosage forms of potassium supplements are contraindicated in any patient in whom there 
- is cause for arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 
. supplementation should be with a liquid preparation. 


WARNINGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 


- administration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most 
~ commonly in patients given potassium intravenously but may also occur when given orally. Poten- 


tially fatal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in 
patients with chronic renal disease, or any other condition which impairs potassium excretion 
requires particularly careful monitoring of the serum potassium concentration and appropriate 
dosage adjustment. 

Interaction with potassium-sparing diuretics: Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 
tone or triamterene). since the simultaneous administration of these agents can produce 

severe hyperkalemia. 

Gastrointestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative 
lesions of the smal! bowel and deaths. These lesions are caused by a high localized concentration 
of potassium ion in the region of a rapidly dissolving tablet, which injures the bowel wall and 
thereby produces obstruction, hemorrhage, or perforation. KLOTRIX is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to minimize the possi- 
bility of a high Icoal concentration of potassium ion near the bowel wall. While the reported 
frequency of small-bowel lesions is much less with wax-matrix tablets (less than one per 
100,000 patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100,000 
patient-years) cases associated with wax-matrix tablets have been reported both in foreign coun- 
tries and in the United States. In addition, perhaps because the wax-matrix preparations are not 
enteric-coated and release potassium in the stomach, there have been reports of upper gastroin- 
testinal bleeding associated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately 
and the possibility of bowel obstruction or perforation considered if severe vomiting, abdominal 
pain, distention, or gastrointestinal bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 


alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, or potassium acetate. 


PRECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in a 
patient with a clinical history suggesting some cause for potassium depletion. In interpreting the 
serum potassium level, the physician should bear in mind that acute alkalosis per se can produce 
hypokalemia in the absence of a deficit in total body potassium, while acute acidosis per se can 
increase the serum potassium concentration into the normal range even in the presence of a 
reduced total body potassium. Treatment of potassium depletion particularly in presence of cardiac 
disease, renal disease. or acidosis, requires careful attention to acid-base balance and appropri- 
ate monitoring of serum electrolyles, electrocardiogram and clinical status of patient. 
Carcinogenesis: No data are available on long-term potential for carcinogenicity in animals or 
humans. Pregnancy: Klotrix is not expected to cause fetal harm when administered in dosages 
which will not result in hyperkalemia. Nursing mothers: Although no studies have been done 

it is presumed that potassium chloride is excreted in human milk. Caution should be exercised 
when Klotrix is administered to a nursing woman. Pediatric use: Safety anc effectiveness in 
children have not been established. 

ADVERSE REACTIONS Most common to oral potassium salts: nausea, vomiting, abdominal 
discomfort, and diarrhea. These symptoms are due to irritation of the gastrointestinal tract and are 
best managed by diluting the preparation further, taking the dose with meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindications and Warnings). 
There also have been reports of upper and lower gastrointestinal conditions including obstruction, 
bleeding, ulceration and perforation (see Contraindications and Warnings); other factors known to 
be associated with such conditions were present in many of these patients. Skin rash has been 
reported rarely. 

DOSAGE AND ADMINISTRATION Usual dietary intake potassium by the average adult is 40 to 

80 mEq per day. Potassium depletion sufficient to cause hypokalemia usually requires loss of 

200 or more mEq of potassium from the total body store. 

Dosage must be adjusted to the individual needs of each patient but is typically in the range of 

20 mEq per day for prevention of hypokalemia to 40-100 mEq per day or more for treatment of 
potassium depletion. 

Note: KLOTRIX slow-release tablets must be swallowed whole and never crushed or chewed. 
HOW SUPPLIED Bottles of 100. 1000. and Unit Dose cartons of 100. 
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NOW AT YOUR FINGERTIPS.. 3 


the knowledge of world- renowned specialists to help 
you understand, diagnose, and manage infections 
which strike patients with: 

Diabetes / Alcoholism / Cancer / Drug Addiction / 
Rheumatic Disease / Uremia / Pulmonary Disease / 
Hepatic Insufficiency / Allograft Transplantation, etc. 


INFECTIONS 


IN THE ABNORMAL HOST 


Edited by Michael H. Grieco, M.D. 
Text by 47 Specialists. illustrated with 147 
Drawings and Photos, 78 in Full Color 










Infections in the Abnormal Host discusses 
in 36 revealing chapters the mechanics 
of host defenses ...the various under- 
lying disorders and the latest treatments 
by chemotherapy, management of agran- 
ulocytosis, immunological reconstitution, 
passive and active immunotherapy, and 
immunostimulation. 


Consultation and study of Infections will help you understand, 
diagnose, and manage the many infections which strike patients 
whose defense mechanisms are down. 


Check this list of chapters 
PARTI HOST DEFENSES 


* Introduction to the Abnormal Host and Complicating Infections * The 
Neutrophil in Host Defense: Congenital, Acquired and Drug-induced Ab- 
normalities « The Complement System in Human Disease « Structure and 
Function of Immunoglobulins * Human Lymphocyte Subpopulations: 
Surface, Intracellular, Enzymatic Markers and Functions * Congenital 
and Acquired Primary Disorders of B and T Lymphocyte Function « Drug- 
induced B and T Lymphocyte and Monocyte Dysfunction * Cutaneous, 
Pulmonary, Gastrointestinal and Genitourinary Defense Mechanisms and 
Relationship to Nosocomial Infections * The Effects of Malnutrition on 
Host Responses and the Metabolic Sequelae of Infections « Humoral and 
Cellular Responses to Infection 


PART || INFECTIONS ASSOCIATED WITH THE ABNORMAL HOST 


* Pyogenic Bacterial Infections * Higher Bacterial and Fungal Infections « 
Mycobacterial Infecticns * Viral and Chlamydial Infections * Protozoal 
and Helminthic Infections « Infections Complicating the Transfusion of 
Blood, Blood Products, Animal Exposure and Animal Products « Infec- 
tions Complicating the Alcoholic Host « Infections in Parenteral Narcotic 
and Drug Abusers * Infections Complicating Uremia and Organ Trans- 
plantation « Infections in Patients with Neoplastic Diseases * Infections 
Complicating Diabetes Mellitus * Diagnosis and Treatment of Diffuse 
Pneumonias « Host Deficiency States and Central Nervous System Infec- 
tions « Genitourinary Infections * Infections Complicating the Rheumatic 
Diseases « Endovascular and Prosthetic Implant Infections « Intraocular 
Manifestations of Systemic Infections * Selected Histopathologic Respon- 
ses * The Microbiology Laboratory in Diagnosis and Therapy « Infections 
Complicating Surgical or Functional Splenectomy and Gastrectomy 


PART Il! MANAGEMENT 


* Antimicrobial Therapy in the Compromised Host: Resistance, Pharma- 
cology and Toxicity « Chemotherapy for Viral and Chlamydial Infections « 
Chemotherapy for Protozoal and Helminthic Infections « Infection Preven- 
tion in Patients with Cancer and Granulocytopenia « Immunologic Re- 
constitution » Gamma Globulin and Vaccine Therapy * Index 


Yorke Medical Books, 666 Fifth Ave., N.Y., N.Y. 10103 AJC 6/83 
Please send, on approval, copies of INFEC- 
TIONS IN THE ABNORMAL HOST, edited by Michael 

H. Grieco. | will be free to read and consult the book in 

any and all relevant situations for 30 days. If | am not 
convinced it is a valuable professional tool, | will return 

it and owe nothing. Otherwise | will remit $75.00. 

O Send invoice, plus shipping 

[] Payment enclosed, publisher pays shipping (same return 


privilege) 
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Considerable controversy has arisen over the existence of a “border” — 
zone of intermediate injuries during regional myocardial ischemia. Much 
of this controversy arises from the inappropriate use of terminology and 
the misquotation or misinterpretation of previously published studies. This - 
article considers the nature of the interface between normal and ischemic - 
tissues; proposes a series of definitions based on current knowledge of © 
etiology of tissue injuries; reviews critically the existing evidence for and — 
against the “‘border zone" concept; and considers the quantitative sig- 5 
nificance of a “border zone" of salvageable tissue if it exists. 








If it were possible to visualize in three dimensions the patterns of me- — 
tabolism and coronary flow distribution in and around an area of regional — 
ischemia then a number of situations might prevail. Consideration of | 
these possibilities has led to the current controversy over the existence : 
of the “border zone." Clarification of this tissue is critical not only to | 
our understanding of the development of myocardial infarction but also — 
to the concept of therapeutic reduction of infarct size. In this article we 

consider the nature of the interface between normal and ischemic tissue, — 
assess evidence for and against the existence of a border zone of inter- | 
mediate injury and consider its quantitative significance if it does exist. 


Nature of the Zone of Change 


If an area of regional ischemia is traversed in either the lateral or the 
transmural plane one may observe an abrupt transition such that normal | 
tissue may lie adjacent to severely ischemic tissue. Alternatively the 
transition may be characterized by a gradual progression of flow, me- 
tabolism and injury that would create a border zone of intermediate — 
damage. Discussion of these two possibilities requires a consideration 
of the concepts of spatial and temporal border zones, the former being 
determined by a variety of anatomic factors, the latter by a variety of 
biochemical factors, particularly the dynamic nature of the ischemic | 
process. 


Anatomic Considerations 


'The characteristics of the distribution of the coronary arterial beds 
and the microcirculation are critical in any consideration of the border 
zone controversy. 

Sharp interfaces: no border zone: At a gross vascular level it is clear 
that if a tissue bed supplied by a specific coronary artery is sharply dif- 
ferentiated from adjacent coronary beds then the occlusion or con- 
striction of one artery (Fig. 1A) should lead to a relatively uniform re- 
duction of flow throughout its bed without having any great effect on ad- 
joining tissue. This model would generate sharp interfaces of blood - 
flow and hence metabolism and, with the possible exception of an ex- 
tremely narrow band of cells between the tissue beds, there would 
be no spatially identifiable border zone of intermediate injury. 
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. The existence of such a situation would necessitate a 
major reappraisal of many approaches to infarct size 
reduction. | 

At a cell level, sharp interfaces might appear as a 
- transmural boundary traversing the myocardial wall at 
right angles to the ventricular surface (Fig. 2A). How- 
ever, greater endocardial susceptibility may create a 
wedge-like profile (Fig. 2B), whereas interdigitating 
_ patterns of muscle fibers may create peninsulas of 
healthy tissue® invading the ischemic zone, generating 
irregular profiles (Fig. 2C) at the interface. Sharp in- 
_ terfaces might also arise at a cell level (Fig. 2D) where 
- the transition from normal to ischemic tissue may be 
- characterized by a changing ratio in the population of 
. normal to injured cells (with the latter predominating 
. as the sampling site moves farther into the ischemic 
- zone). This last situation might arise as a consequence 
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of fine differences in the distribution of capillaries or 
differing degrees of ischemic resistance between adja- 
cent cells. As will be discussed later, with the examples 
shown in Figure 2, B, C and D, transmural biopsy 
specimens obtained from the interface zone, when ho- 
mogenized and assayed, might indicate an intermediate 
degree of injury whereas in reality a mixture of normal 
and ischemic tissue is retrieved. 

Gradients of flow and metabolism: true border 
zones: This alternative viewpoint is based on the exis- 
tence of coronary arterial anastamoses and an element 
of interdigitation among coronary beds. Figure 1B 
shows how anastamoses of the subendocardial plexus 
and intramural vessels, together with some merging of 
coronary beds, could generate a distinct zone of inter- 
mediate perfusion where the progression of tissue injury 
would be considerably slower than that at the core of the 
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FIGURE 1. Coronary artery anatomy and the border zone 
controversy. Diagrammatic representations of the way in 
which A, a discrete demarcation of coronary beds could, on 
occlusion of one artery, lead to sharply differentiated zones 
of perfusion. In such a model there would be no border zone 
of intermediate perfusion and the transition from normal to 
ischemic tissue would be characterized by sharp interfaces 
of flow and metabolism; B, coronary anastamoses of the 
subendocardial plexus and intramural vessels, together with 
an element of interdigitation between adjacent coronary 
beds, could generate a lateral zone of intermediate perfusion 
where relatively wide gradients of flow and metabolism would 
characterize the transition from normal to ischemic tissue; 
and C, coronary anastamoses between adjacent coronary 
beds could generate a transmural zone of intermediate 
perfusion. 
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ischemic mass. Whereas Figure 1B shows how a lateral 
border zone might arise, Figure 1C shows how collateral 
flow might generate a similar zone of intermediate in- 
jury but this time in the transmural plane. Figure 2, E 
and F, shows how these gradients might be expressed 
at a cell level in the lateral and transmural planes. If 
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"BORDER ZONE" IN MYOCARDIAL ISCHEMIA—HEARSE AND YELLON . 


such a situation were to pertain, then within the spec- | 


trum of ischemic injury there should exist zones where 
flow is so reduced that cell death is inevitable, but also 
peripheral areas where the ischemia is so mild that the 
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cells can continue to function and survive. Between - 


these two extremes there may be a zone of intermediate 
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FIGURE 2. Sharp interfaces or gradients of flow and metabolism. Diagrammatic representation of a section through a myocardial wall with an area 
of regional ischemia. Normal cells are lightly shaded, severely ischemic cells are darkly shaded. A, a sharp transmural interface with no zone 


of intermediate injury; B, a sharp interface but greater endocardial involvement generating a wedge-like profile; C, sharp but irregular interface 


generated by peninsulas of normal tissue invading the ischemic zone; D, sharp interfaces at the cell level where the transition from normal to ischemic 
tissue is characterized by a changing ratio in the population of normal to ischemic cells; E, a true border zone of jeopardized, potentially salvageable 
cells located in the lateral plane; and F, a true border zone of intermediate injury in the transmural plane. 

Note: Transmural biopsy of B, C and D would generate mixed tissue that, on homogenization, would incorrectly indicate intermediate flow and 


metabolism. 
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injury where blood flow is sufficient to prevent, for a 
time at least, the transition from reversible to irre- 
versible injury. The fate of these “jeopardized” cells? 
may lie in the balance and as such they would represent 
a target for interventions designed for tissue salvage and 
reduction of infarct size.? 


Temporal Considerations: Transition States 


The models illustrated in Figures 1 and 2 give a static 
representation of myocardial injury, and one inade- 
quacy of the term border zone is that it fails to take into 
account the temporal nature of the evolving myocardial 
infarction. If a time component is incorporated into the 
preceding concepts of true border zones or sharp in- 
terfaces then two possible temporal border zones can 
be envisaged. To illustrate these it is necessary to con- 
sider the time-space characteristics for the transition 
from reversible to irreversible injury. Say, for example, 
that the depletion of tissue adenosine triphosphate 
(ATP) is the factor that triggers the transition?! and 
that this occurs when the cell content falls below a value 
of 12 umol/g dry weight. At the moment of the onset of 
ischemia all tissue, including that within the affected 
area, will have a normal content of approximately 30 
umol/g dry weight. If there is a sharp interface of flow 
between normal and ischemic tissue with little or no 
flow invading the periphery of the ischemic area then 
the relatively homogeneous reduction of flow 
throughout the ischemic area should lead to a relatively 
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uniform rate of depletion of ATP throughout the af- 
fected tissue, and the relation between tissue location 
and ATP content at different times should be as de- - 
picted in Figure 3, Left. Thus, up to 30 minutes, the 
entire ischemic area can be considered a potentially 
salvageable border zone of jeopardized cells. However, 
in the following minutes as the ATP content of most 
cells falls below 12 umol/g dry weight the entire isch- 
emic area will undergo the transition to irreversible 
injury; and thus, by 45 minutes the border zone will have 
disappeared. In this model, therefore, the border zone 
does not represent a spatially distinct subfraction of the 
ischemic mass but a time-dependent phase through 
which the tissue passes. 

The second model of a temporal border zone (Fig. 3, 
Right) allows for the existence of a spatially identifiable 
zone of jeopardized cells within the ischemic mass; 
however, the limits of this border zone will move with 
time. This model is dependent on the existence of sub- 
stantial gradients of flow or diffusion across the isch- 
emic zone. Under these conditions a nonuniform de- 
pletion of ATP should occur such that peripheral tissue 
will take longer to reach the point of transition to irre- 
versible injury. Thus, as before, up to 30 minutes the 
entire ischemic area will represent a potentially sal- 
vageable border zone, but beyond that time cells in the 
center of the area first undergo the transition. Thus a 
central zone of infarction would be initiated and this 
would radiate outward with time as the less severely 
ischemic peripheral tissue eventually becomes irre- 
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FIGURE 3. Temporal border zones: transition states. Theoretical time-space relation for the decline of adenosine triphosphate (ATP) at various 
sites in normal and ischemic tissue. Left, a sharp interface of flow creates a situation so that the border zone does not represent a spatially distinct 
subfraction of the ischemic mass but a time-dependent phase through which the tissue passes. Right, gradients of flow across the ischemic area, 
creating a spatially identifiable border zone of intermediate injury that would shrink in a time-dependent manner from its inner surface toward the 


boundary of the ischemic area. For details see text. 
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versibly injured. In such a model the border zone would 
consist of an anulus of tissue that shrinks in a time- 
dependent manner from its inner surface toward the 
boundary of the ischemic area. Such a situation would 
correspond to the wave front of ischemic death proposed 
by Reimer and co-workers.1.12 

In terms of tissue salvage, the two types of temporal 
border zone are very different. In the first example early 
intervention is critical whereas in the second situation 
protective procedures are likely to be effective for much 
longer, but the quantity of target tissue available would 
diminish with time. 


Definitions 


The previous section highlights the inadequacy of the 
term border zone because it fails to take adequate ac- 
count of the dynamic nature of the ischemic process. 
The use of the term border zone also fails to make al- 
lowance for the practical realities of tissue salvage. Thus, 
in the early minutes after the occlusion of a coronary 
artery by a thrombus the entire ischemic area is re- 
versibly injured and theoretically salvageable and could 
therefore be labeled “border zone” or “jeopardized.” 
Realistically, however, the only intervention that is 
likely to salvage the entire zone is reperfusion, and in 
the human being, revascularization within minutes of 
occlusion is hardly a practical consideration. Conse- 
quently, the terms “jeopardized” and “border zone” are 
hardly appropriate because they fail to distinguish be- 
tween cells that are reversibly damaged and are destined 
to die and those in which salvage is at least feasible. 
Confusion is further compounded by the fact that terms 
such as hypoxia, anoxia and ischemia are often incor- 
rectly used. Thus, for the purposes of this review we will 
apply the following definitions. 

Ischemia, anoxia and hypoxia: It is important to 
distinguish among these three different forms of oxygen 
deprivation, all of which have been used at some time 
or another in studies of the border zone. 

Ischemia, which is the more frequently encountered 
clinical condition, represents an imbalance between the 
myocardial demand for, and the vascular supply of, 
coronary blood. This condition not only creates a deficit 
of oxygen, substrates and energy in the tissue, but also 
results in an insufficient capacity for the removal of 
potentially toxic metabolites such as lactate, carbon 
dioxide and protons. The cessation of coronary flow is 
not a prerequisite of myocardial ischemia. In fact, it 
rarely occurs clinically, and even under experimental 
conditions (with multiple coronary arterial ligations) 
the collateral circulation may provide substantial per- 
fusion in the ischemic zone. Myocardial ischemia could 
possibly arise without a reduction in coronary flow 
under circumstances in which there was an inadequate 
vascular response to an increased work or energy de- 
mand on the heart. 

,Anoxia and hypoxia are different from ischemia in 
both origins and consequences. In anoxia or hypoxia the 
oxygen delivery to the myocardium is reduced by re- 
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moval of all or some of the oxygen in the coronary sup- 1 


ply. Thus, while the partial pressure of oxygen (POs) is 


reduced, coronary flow may be normal or even elevated, | 
and substrate delivery and metabolite removal may also 


be normal. 


Myocardial infarction: Unless checked, the con- j 
tinuum of increasingly severe tissue injury, initiated by — 
myocardial ischemia, will eventually lead to cell death | 


^ 


and the generation of a mass of necrotic tissue. The - 
entire process represents myocardial infarction, the - 


critical event being the transition from reversible to - 


irreversible cell injury. Before this time myocardial in- 
farction is not a necessary consequence of ischemia but 
beyond this point infarction becomes inevitable. 


Zone of change: an analytical phenomenon: The. 


zone of change is the zone of tissue in which the transi- - 


m 


tion from predominantly normal to predominantly . 
abnormal flow, metabolism and electrophysiology is — 


analytically detected. It is within this zone that sharp | 


interfaces, or border zones if they exist, are located. : 
However, two important limitations must always be 5 
considered. First, the width of the zone is a reflection 
of the resolving power of the detection procedure (for — 


example the distance between biopsy or electrocardio- — 


graphic recording sites) rather than the width of the - 


biologic gradient. Second, analytically generated border - 


zones might arise; thus, as stressed in the discussion of — 


sharp interfaces, homogenization and analysis of biopsy 


specimens retrieved from an irregular interface of — 
wedges, peninsulas or islands (Figure 2, B, C and D) - 
might indicate an artifactual zone of intermediate in- - 


jury. 


Reversible injury: This condition requires that - 


restoration of adequate coronary flow results in a return 


of normal cell function and, in particular, contractile — 


activity. Situations might arise in which various indexes 
of cell viability such as tissue enzymes or high energy 
phosphates return to normal whereas the contractile 
mechanism may remain injured; thus a cell may be alive 
in terms of a number of cell activities but dead in rela- 
tion to its primary biologic role, that is, contraction. In 
view of this possibility great care must be taken before 
using various cell markers to designate tissue as border 
zone, ischemic or normal, the last word being applicable 
only to tissue fulfilling its primary biologic role. 


Jeopardized tissue: This would represent a situation 
in which cell injury is reversible primarily because the 
degree of ischemia is not very severe. In other words, 
these cells are receiving suboptimal flow and although 
their mechanical function may be severely impaired 
they are able to remain in a viable condition for some 
time—; that is, tissue salvage is a practical consider- 
ation. This condition would contrast with one in which 
the ischemia is severe but the injury is reversible only 
because the duration of elapsed ischemia is short; to this 
latter condition we would apply the term “con- 
demned." 


Condemned tissue: These cells are also reversibly 
damaged but flow is greatly impaired and ischemia is 
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very severe. In practical terms salvage is not possible 
and deterioration to irreversible injury and cell death 
is inevitable. The term condemned tissue should 
probably be applied to the greater part of the area of 
regional ischemia that develops after multiple coronary 
arterial ligation. 

Border zone tissue: This must be a spatially iden- 
tifiable zone of reversibly injured tissue in which the 
cells are jeopardized and where the fate of the tissue lies 
in the balance and where the progression to functional 
recovery or the regression to cell death can be influenced 
by several endogenous or exogenous factors. Con- 
demned tissue, although reversibly injured, would not 
qualify for designation as border zone. 


Evidence for and Against a Border Zone of 
Intermediate Injury 


In the last 10 to 15 years a number of studies ap- 
peared whose results were presented as supporting the 
border zone concept. In some instances these studies 
were misquoted or misinterpreted. Recently, an in- 

creasing number of reports have questioned or denied 
the existence of the border zone and hence certain as- 

pects of the concept of therapeutic reduction of infarct 

size. In fact, one of the contributory arguments against 

the border zone's existence is the lack of widespread 

acceptance that significant reduction in infarct size is 

possible, despite the many studies purporting to dem- 
onstrate such an effect. 

In this section we will review the literature and 
reassess some studies in the light of the principles out- 
lined in the preceding sections. For clarity, studies will 
be reviewed on the basis of the methods used. 


- Polarographic and Surface Fluorescence Studies 


Defined edge of area of visible cyanosis: Some of 
the oldest as well as some of the most recent studies of 
the border zone have been based on a consideration of 
oxygenation and oxidation states. Perhaps the simplest 
and most striking observation that can be used as evi- 
dence for a sharp interface and no border zone is the 
very clearly defined edge of the area of visible cyanosis 
that develops immediately after the occlusion of a cor- 
onary artery. The sharp line of differentiation between 
hemoglobin and oxyhemoglobin suggests a very sharp 
gradient of oxygen availability and hence flow. Whereas 
the edge of visible cyanosis only reflects oxygen avail- 
ability at the epicardial surface, studies by one of us,!? 
using full thickness transmural biopsy specimens, in- 
dicated that the edge of visible cyanosis identified the 
location of the zone of maximal change for flow, S-T 
segment elevation and several metabolites including 
ATP. Although it is tempting to use the sharp edge of 
cyanosis as an argument against the border zone concept 
(claiming that it merely defines the extent of con- 
demned tissue), with increasing time the edge of visible 
cyanosis becomes somewhat diffuse, possibly indicating 
the existence of a peripheral zone of jeopardized cells 
that might represent a true border zone. 


i a ee a ee ee ia i u 
'BORDER ZONE" IN MYOCARDIAL ISCHEMIA—HEARSE AND YELLON 


- 


p UEM 4.7: » 


Polarographic study of local oxygen depletion: 
In 1952 Sayen et al.!^ implanted up to 10 oxygen elec- 
trodes in the left ventricle of a dog heart with coronary 
arterial ligation. This permitted the definition of three 
myocardial zones: “central” areas of the ischemic mass 
that showed rapid oxygen depletion, “border” areas 
where depletion was less profound and "outside" areas 
with normal oxygen availability. Maps of these zones 
indicated that the border area represented a substantial 
fraction of the affected tissue. Furthermore, interven- 
tions such as inhalation of oxygen afforded a degree of 
protection and were claimed to reduce the extent of 
tissue necrosis. However, in common with so many later 
studies, Sayen et al. were really only defining the zone 
of change in which a border zone might be located. This 
zone of change would be limited by the size and sepa- 
ration of the electrodes and not by the width of any bi- 
ologic gradient. Even the detection of intermediate 
oxygen values cannot prove the existence of a border 
zone because mixed tissue such as islands (Fig. 2D) or 
peninsulas (Fig. 2C) could readily generate such re- 
cordings. 

NADH fluorescence photography: Recent studies 
by Barlow, Chance and co-workers,®15-17 using surface 
fluorescence techniques in the rat, rabbit and dog heart 
to visualize lateral and transmural gradients of nico- 
tinamide adenine dinucleotide (NAD) reduction, must 
also be carefully interpreted before being taken as 
conclusive evidence against the existence of a discrete 
border zone of intermediate injury. First, the very sharp 
(yet irregular) boundaries of fluorescence only identify 
an abrupt gradient for NAD reduction; they do not 
necessarily identify a boundary between reversible and 
irreversible injury or the location of gradients for dif- 
fusible metabolites or substrates. Second, the transition 
of NAD from a state of predominant oxidation to one 
of predominant reduction occurs over a very narrow 
range of PO» values,!? and thus a progressive oxygen 
gradient might well generate a sharp NADH interface. 
Despite these cautions the studies by these investigators 
(as with the visible edge of cyanosis) do provide a pow- 
erful argument that the border zone (if it exists) is likely 
to be less than 0.1 mm wide,!? whereas the irregular zone 
of change in which the interface is located is likely to be 
6 to 8 mm in width. 

Amplifying one point from the previous paragraph, 
although Simson et al." showed a concordance of 
NADH fluorescence and flow (fluorescein angiography), 
it is important to appreciate that whatever their nature, 
the gradients for different substrates and metabolites 
are not necessarily all superimposable.!? The access and 
egress of a substance to and from a tissue mass is in- 
fluenced by various factors in addition to perfusion. 
Diffusion, for example, would be expected to displace 
gradients for oxygen and glucose further into an area of 
nonperfusion than would be expected with less readily 
diffusible molecules. Similarly, active transport pro- 
cesses and solubility characteristics would be expected 
to influence the location and width of different gradi- 
ents. In support of such a proposition we!*!9 observed 


1326 June 1981 The American Journal of CARDIOLOGY Volume 47 


an inward displacement of the zone of change of lactate 
relative to that for ATP, presumably reflecting the in- 
ability of the latter to be cleared by residual flow, or to 
diffuse from an area of regional ischemia. 

One final point should be considered. Surface fluo- 
rescence studies,!??? in addition to revealing sharp in- 
terfaces between zones, show considerable heterogeneity 
within zones. Williamson (Williamson JR, personal 
communication) has suggested that microheterogeneity 
may also exist within these zones of macroheterogeneity. 
If this is the case, “normal aerobic" cells or clumps of 
cells may coexist adjacent to “injured anoxic" cells. 
Around each cell or cell group there may be a region, 
possibly comprising part of a cell, that may be jeopar- 
dized and potentially viable. Although these diffuse 
microscopic border zones may in themselves be of little 
quantitative significance, taken together throughout a 
large mass of myocardium they may represent an im- 
portant amount of salvageable tissue. 


Histologic and Ultrastructural Studies 


Rather like polarographic and surface fluorescence 
studies, microscopic investigations of the interface be- 
tween normal and ischemic tissue tend to indicate a very 
sharp boundary of injury. However, unlike the former, 
histologic and ultrastructural studies have usually been 
carried out at postmortem examination or at least 24 
hours after the onset of ischemia (by which time any 
border zone tissue that might have existed may have 
had its fate established). Thus, the absence of any in- 
termediate injury after the stabilization of infarction?! 
does not provide evidence against the border zone. 

Limitations of morphologic studies supporting 
concept of a border zone: Several morphologic studies 
have often been cited as having detected a zone of in- 
termediate injury during evolving myocardial infarction. 
Of these, four have been selected for comment. Cox et 
al.,?? in 1968, prepared serial sections of dog hearts ob- 
tained between 1 hour and 40 days after coronary ar- 
terial ligation. Histochemical procedures for the visu- 
alization of various dehydrogenase activities failed to 
detect any reproducible pathologic changes during the 
first 6 hours of ischemia (the period during which a 
border zone of intermediate injury is perhaps most 
likely to exist). However, a zone with intermediate 
staining characteristics was seen to develop later and 
persist for several days before reverting to normal 
staining characteristics or deteriorating to necrotic 
tissue. However, intermediate staining cannot neces- 
sarily be equated with intermediate injury or identify 
jeopardized cells and thus this study does not provide 
evidence for a true border zone. This limitation was 
conceded in a study by Fishbein et al.,?? who used serial 
sectioning techniques in the rat heart at various inter- 
vals between 5 minutes and 72 hours after coronary 
arterial ligation. These investigators used stains for 
glycogen, neutral lipids and oxidative enzyme activity 
tq identify several tissue zones, in some of which (lo- 
cated on the periphery of the infarct) signs of histo- 
chemical injury developed more slowly than in zones in 
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the core of the ischemic area. Fishbein et al. speculated 
that these “histochemical border zones,” which disap- 
peared by 72 hours, might represent salvageable tissue. 
However, until the histochemical procedures can be. 
shown to identify definitively reversibly injured cells 
and until these cells can be shown to be effectively sal- 
vaged to return to normal mechanical function (rather 
than simply having their death delayed), then these - 
areas of intermediate staining should perhaps be con- 
sidered as condemned and not as true border zone. 
Limitations of histochemical and electrophysi- 
ologic studies supporting border zone concept: The | 
association between intermediate staining and inter- 
mediate injury would be strengthened if additional in- - 
dependent markers of tissue injury were measured. This - 
study was done by Vokonas et al.,? who combined his- 
tochemical studies and blood flow measurements, and | 
by Banka et al.,* who included biochemical and elec- 
trophysiologic measurements in their study. Using 
lateral and transmural sectioning, glycogen staining and. 
autoradiography, Vokonas et al? concluded that a 
border zone of intermediate flow existed, that it repre- 
sented as much as 40 percent of the total ischemic mass - 
and that within the zone “cell viability" was maintained 
for 24 hours. However, two major limitations must be | 
applied to this study. First, flow visualization using 
carbon-14 antipyrine, autoradiography and photo- — 
densitometric scanning would not distinguish between © 
a true and an apparent flow gradient. Thus, islands and 
X 
| 


peninsulas of normal and ischemic tissue could incor- 
rectly indicate intermediate flow. Second, as with the 
study by Cox et al.,?? no firm association was made be- 
tween the staining characteristics and the ability of the — 

“viable” tissue to recover to normal function. Banka et — 
al.4 additionally claimed to have identified a transmural - 
border zone in the dog heart. Using a variety of bio- 
chemical, ultrastructural and electrophysiologic mea- 
surements taken 1 and 4 hours after coronary arterial - 
occlusion they suggested that myocardial infarction 
involved a sequential progression of injury from endo- | 
cardium to epicardium resulting in the creation of an © 
epicardial border zone in the early stages of the process. - 
However, because the left anterior descending coronary | 
artery was ligated and an area of very severe ischemia - 
generated, the epicardial zone of least damaged tissue — 
could more correctly be considered condemned as op- | 
posed to jeopardized. Furthermore, the profile for 
ischemic injury and cell death could be likened to the — 
wave front phenomenon associated with the temporal | 
border zone illustrated in Figure 3, right. 

Wave front of cell death: A wave front of cell death 
advancing transmurally through a mass of reversibly 
damaged but condemned tissue was characterized in 
two elegant studies by Reimer and co-workers.!-1? After _ 
circumflex arterial ligation in the dog heart these in- 
vestigators characterized patterns of flow and tissue 
necrosis and showed a wave front of cell death pro- 
gressing transmurally from the endocardium over a 6 
hour period of ischemia. In this study, flow was reduced — 
by approximately 97 percent in the subendocardium 
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ind by approximately 83 percent in the subepicardium. 
Whereas this small transmural gradient was probably 
sufficient to account for the fact that cell death com- 
menced in the endocardial region, it cannot really sup- 
port the argument that tissue distal to the wave front 
of death represents a border zone. The reduction of flow 
throughout the ischemic area in these studies was so 
severe that all tissue should be considered condemned 
because, except for very early reperfusion, no inter- 
vention could be expected to do more than delay the 
inevitable cell death. In addition to clarifying the con- 
cept of the wave front of cell death the study by Reimer 
and Jennings? very clearly illustrates the importance 
of coronary bed size and distribution in the determi- 
nation of patterns of tissue injury. 

Histologic evidence against the border zone 
concept: Several studies have provided histologic evi- 
dence against the concept of the border zone, and two 
important examples are the studies of Janse et al.?* and 
Factor et al. Combining metabolic, electrophysiologic 
and histochemical (glycogen stain) observations ob- 
tained in the isolated perfused pig heart at various times 
during a 2 hour period of regional ischemia, Janse et al.** 
concluded that an ischemic border zone exists but 
contains a mixture of normal and ischemic cells where, 
for example, cells with a normal glycogen stain coexist 
with negative staining cells (intermediate staining cells 
rarely being found). While the glycogen stain might not 
differentiate reversible and irreversible injury, the re- 
sults did illustrate sharp interfaces at a cell level; when 
taken with the biochemical and electrophysiologic re- 
sults, these findings argue strongly for an interface 
characterized by interdigitating normal and ischemic 
cells. An irregular interface was also proposed by Factor 
et al.,9 who serially sectioned dog hearts 24 hours after 
coronary arterial occlusion. Using staining techniques 
they reconstructed the three dimensional geometry of 
the zone of change and showed that areas of normal 
tissue, which had often been considered as islands of 
viable tissue in an ischemic zone, were in fact complex 
interdigitating peninsulas of normal tissue that invaded 
the ischemic zone. These investigators concluded that 
a sharp interface exists with no border zone of inter- 
mediate injury. Although their study does not satis- 
factorily disprove the border zone (at 24 hours it may 
be too late to detect), it illustrates very well how 
transmural biopsies performed for metabolite or flow 
analysis could easily give a false impression of a zone of 
intermediate injury when in fact no such zone exists. 

In summary, histologic studies in general fail to prove 
or disprove the border zone concept. Many of those 
studies arguing against the border zone were performed 
at a time when it may have been too late to detect the 
zone. Those studies claiming to be supportive of the 
border zone generally fail to consider that the tissue 
under study is usually condemned with little chance of 
salvage. Finally, all studies, whether for or against the 
border zone, fail to make a convincing association be- 
tween structural or staining changes and the transition 
from reversible to irreversible injury. On balance, 
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however, particularly when taken in conjunction with 
parallel biochemical and electrophysiologic studies, the 
weight of indirect evidence seems to be against the 
border zone. 


Flow Distribution Studies 


Segregation of coronary beds and collateral flow: 
'The distribution of coronary flow is the ultimate de- 
terminant of metabolic, electrophysiologic and mor- 
phologic gradients. A careful consideration of the 
anatomy of the coronary vasculature in various species 
provides perhaps the best argument (in the lateral plane 
at least) against the concept of a zone of intermediate 
flow and metabolism. The tissue mass supplied by a 
specific coronary artery would appear to be very sharply 
demarcated and thus its occlusion might be expected 
to result in a uniform flow reduction in its tissue bed 
with little or no effect on adjoining beds. The discrete 
nature of the various coronary beds is well illustrated 
by the classic studies of Fulton?? and has been stressed 
by Reimer and Jennings and colleagues!!!” as a critical 
determinant of the tissue at risk. The existence of direct 
connecting channels between the superficially located 
coronary arteries and the subendocardial plexus to- 
gether with the transmural direction of most intramural 
vessels (which exhibit relatively few lateral connections) 
might well be expected to generate sharp lateral inter- 
faces, particularly in the tissue immediately beneath a 
major coronary vessel. However, one critical factor that 
acts against the total segregation of coronary beds is the 
phenomenon of coronary anastamosis, which can 
channel substantial collateral flow from one bed to an- 
other. Whether this collateral flow distributes itself 
uniformly throughout a severely ischemic bed, whether 
it generates gradients of perfusion on the periphery of 
the ischemic bed and whether it increases with time are 
all critical factors.?29?7 In attempting to investigate this 
problem one must consider differences among species 
and, in particular, the very extensive collateral capacity 
of the dog heart. 

Limitations of radioactive microsphere tissue 
sampling technique: With reference to the latter point, 
Lubbe et al.?8 studied regional flow distribution in the 
baboon heart, suggesting that its relatively low collateral 
capacity made it a good model of the human heart. In 
this study with radioactive microspheres, contiguous 
blocks of tissue measuring 1.0 to 1.5 cm? were removed 
from the center of the infarct, the inner and outer bor- 
ders of the visible edge and from normal tissue 60 
minutes after induction of an area of regional ischemia. 
Flow in the central infarct tissue was always very low, 
but in the tissue adjoining the visible edge considerably 
higher values were observed, particularly after ligation 
of a single artery. Although these studies are often cited 
as supportive of the border zone, the large size of the 
biopsy specimens only permitted the detection of the 
analytic zone of change and, despite careful dissection 
of blocks, mixed tissue would have been almost inevi- 
table. In fact, reexamination of Lubbe's results indicates 
a rather abrupt change in mean flow between tissue on 


1328 June 1981 The American Journal of CARDIOLOGY Volume 47 


BESART ET 


a rahe te Tm gid aie id F NET zm SOI ee 
. " - » a s 


--- i he 


either side of the visible edge; this could arguably be 
indicative of a very narrow border zone or sharp inter- 
face. 

Similar cautions about the size of tissue samples can 
be applied to two other studies that are also often cited 
in support of the border zone. Becker et al.29 used mi- 
crospheres and tissue sectioning in greyhounds 30 to 60 
minutes after coronary arterial ligation. They took many 
more samples than Lubbe et al.; five or six strips, 1 to 
2 cm in width, were taken—each strip was cut into 4 to 
12 pieces and each piece was divided into two 
transmural portions. In this way fairly detailed flow 
contour maps could be prepared indicating a zone of 
intermediate flow (40 to 80 percent of control flow) 
surrounding the infarct and accounting for 16 to 83 
percent of the ischemic mass. In addition, Becker et al. 
demonstrated transmural gradients of flow. However, 
despite their large number, the biopsy specimens were 
still very large and most probably contained mixed 
tissue. Again, this study only quantitated the maximal 
width of the zone of change. In the second study, 
Schaper and Pasyk?® measured changes in flow as tissue 
sections (500 mg) were obtained laterally and 
transmurally from dog hearts 30 seconds to 48 hours 
after coronary arterial ligation. Again, the large size of 
the biopsy specimens only permitted an estimate of the 
maximal width of the zone of change. A careful exami- 
nation of their results indicate that in the majority of 
instances, the major transition from tissue that was 
essentially normal to tissue that was almost maximally 
ischemic, was accomplished in the space of one biopsy 
specimen. Contrary to the usual interpretation of their 
results, this finding of one intermediate biopsy specimen 
(presumably mixed tissue separating the two extremes) 
is good evidence for a sharp interface, because a true 
border zone (the same width as the biopsy specimen) 
would statistically be most likely to be retrieved in two 
adjacent biopsy specimens. !9 

Substantial border zones of intermediate flow have 
been claimed by Malsky et al.?? and Vokonas et al.5 In. 
their studies, patterns of flow distribution in dog hearts 
were assessed by labeling vascular endothelial cells with 
carbon-14 antipyrine 24 hours after coronary arterial 
ligation. Hearts were then sectioned in the lateral or 
transmural planes, autoradiograms were prepared and 
the distribution of radioactivity assessed by photo- 
densitometric scanning. Intermediate flow values (50 
percent or more of control tissue) were observed in 30 
to 40 percent of the ischemic tissue; however, as cau- 
tioned earlier, these techniques would not distinguish 
between real and apparent gradients of flow (apparent 
gradients arising, for example, from peninsulas of 
healthy tissue invading the ischemic zone). 

Other microsphere and tissue-sectioning tech- 
niques: Not all tissue-sectioning studies claim to 
demonstrate a border zone. Marcus et al.?! occluded the 
circumflex artery in dog hearts and used microsphere 
and sectioning techniques to visualize flow geometry 
after 5 minutes of ischemia had elapsed. Although they 
found intermediate flow values in a number of biopsy 
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specimens, the authors reported that the distribution 1 


was heterogeneous and thus suggested that a large 


geometrically defined border zone did not exist. Two — 


aspects of this study require explanation: (1) the het- 


erogeneity of flow between samples, and (2) the absence 
of the apparent gradients that would be expected even. 
in the presence of sharp interfaces (due to mixed tissue - 
sampling). Marcus attributes some of the heterogeneity . 
to “extraneous factors." However, it might also be due — 
to the very large biopsy specimens used in his study, | 
which in some instances may have been sufficient to — 
span an entire ischemic zone. This latter factor may also — 


explain the inability to detect apparent gradients. 


The studies of Reimer and co-workers!!!” have al- — 
ready been discussed under our section on histochemical — 
evidence. In these studies, microsphere and tissue- - 
sectioning techniques were used to characterize lateral _ 
and transmural gradients. Despite the large size of the : 
tissue samples, which would have severely restricted — 
resolving power, the results suggested a sharp interface — 
for flow in the lateral plane, consistent with the anatomy ~ 
of the coronary bed under study. In the transmural ~ 
plane a time-dependent progression of flow was ob- — 
served. In addition, apparent gradients were reported 
such that after 3 hours of occlusion flow was reduced to — 
5, 15 and 32 percent in the inner, middle and outer - 
layers of the ventricular wall. Whether the 15 percent — 


represents a true gradient or a mixture of the sur- 
rounding tissue is unknown and of questionable rele- 
vance because the flow reduction in all parts is so severe 
that the tissue must be considered condemned and 
likely to be experiencing a transmural wave front of 
death. 

Studies using small biopsy samples and close 
tissue sections: The resolution of flow gradients clearly 
requires far smaller biopsy specimens and closer tissue 
sections than those used in the previous studies. We 


have tackled this problem, initially with a multiple head | 


rotating biopsy drill,!° and more recently with a non- 


rotating multiple biopsy cutter.19,23? In the latter in- - 


stance,!? sets of 40 adjacent transmural biopsy samples 
were obtained from dog hearts 30 minutes after the li- 
gation of several branches of the left anterior descending 
coronary artery. Each biopsy section was only 4.0 mm 








in width and only the outer 1.8 mm of epicardial tissue - 


was assayed. With this device we were able to narrow the 


width of the analytic zone of change to less than 2 mm. 
We concluded that if a border zone existed it was ex- . 
tremely small and in terms of tissue salvage quantita- 


tively insignificant. 
From the flow studies discussed here, together with 
many other published reports, it appears that, in the 


lateral plane at least, there is strong evidence against - 


a border zone of intermediate injury (a conclusion that 
is perhaps not surprising in view of the characteristics 
of the coronary anatomy). However, as will be amplified 
later, it is important to stress that these studies were 
carried out in healthy animals, usually dogs with total 


occlusion of one or more coronary arteries. With refer- - 


ence to the last point, these procedures generally pro- 
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duce clearly defined areas of very severe ischemia in 
which the cells are condemned as opposed to jeopar- 
 dized; the situation prevailing with partial occlusion or 
diffuse ischemic disease may be very different. 


.Electrocardiographic Studies 


-There have been many studies??4^-?7 in which epi- 
cardial electrograms have been used in an attempt to 
detect and delineate a border zone. T'wo cautions must 
always be applied to such studies. (1) The electrocar- 
diographic signal is the sum of that generated 
throughout the myocardium and thus even a sharp 
conduction interface may be blurred by signals from 
surrounding tissue. (2) Electrocardiographic changes 
are usually based on S-T segment shifts that are in- 
fluenced not only by the severity but also by the dura- 
tion of ischemia. S- T segment changes evolve with time 
and their disappearance from one zone may well rep- 
 resent recovery or advancement of injury. 
— Epicardial S- T segment recording: Braunwald and 
 co-workers?:?7-9?9? published many studies in which S-T 
segment changes were used not only to support the 
border zone concept but also that of therapeutic re- 
duction of infarct size. However, in these and many 
other comparable studies, recording sites were relatively 
few (usually 10 to 20) and were widely separated (several 
centimeters), thus effectively precluding detection of 
a sharp interface. Even if a recording site were directly 
over an interface it is likely that the size of the electrode, 
the movement of the heart and the mixture of signals 
- would result in an intermediate signal. 

Transmural electrographic recordings: Not all 
 electrocardiographic studies relied on epicardial re- 
-cordings or on S-T segment changes. Banka et al.* 
prepared transmural electrograms in ischemic dog 
hearts using implanted electrodes with detecting sites 
.at 1 mm intervals. Three electrodes were used (one in 
_ normal tissue, two in the ischemic tissue) to monitor the 

appearance of Q waves over 4 hours of ischemia. These 
were found to appear progressively, moving with time 
from the endocardium to the epicardium. Although 
often cited as supportive of the border zone this study 
more correctly confirmed the concept of a wave front 
of death, and because the tissue was so severely ischemic 
the cells distal to the wave front were effectively con- 
demned as opposed to jeopardized. 

Janse et al.2* used a procedure similar to that of 
Banka et al.,* except that six electrodes were implanted 
at 4 mm intervals to traverse an ischemic zone in a pig 
heart. In this excellent study electrocardiographic re- 
cordings taken over a 2 hour ischemic period were re- 
lated to the tissue content adenosine triphosphate, 
creatine phosphate and lactate in transmural biopsy 
specimens and to glycogen-staining characteristics in 
tissue sections. In addition, epicardial transmembrane 
action potentials were recorded. T'he results indicated 
that for all variables the transition from near normal to 
maximally ischemic occurred over the distance of one 
or two sampling sites. Janse et al. interpreted these 
findings as arguing against a border zone of intermedi- 





ate injury, suggesting that the zone of change was 
composed of interdigitating normal and ischemic zones 
sharply demarcated from each other. 

Problem of resolution because of small numbers 
of recording sites: This problem has been tackled in 
two ways. Bruyneel^? used a sweep technique in which 
a continuous recording was taken as an electrode was 
drawn across an ischemic area in a baboon heart. With 
this procedure, and the analysis of S-T relative to T-Q 
segment shifts, five distinct zones were detected be- 
tween the center of the infarct and the surrounding 
normal tissue. Thus, in the core of the ischemic area 
there was a zone of maximal amplitude of isopotential 
S-T segment elevation; surrounding this was a relatively 
wide zone of decreasing S- T segment elevation, and this 
was followed by a narrow band with an isoelectric S-T 
segment, which then evolved into a broad zone of S-T 
segment depression. This last zone was adjacent to 
normal tissue. Although Bruyneel did not discuss these 
findings in relation to the border zone, it is likely that 
in this study he identified a sharp interface (the narrow 
isoelectric band) between normal and ischemic tissue. 
This zone was located at the margin of visible cyanosis 
and was suggested by Bruyneel*® to represent a danger 
zone for the genesis of ventricular arrhythmias. The 
zones detected by the sweep electrode technique were 
characterized in terms of metabolic changes and blood 
flow in studies by Lubbe et al.?? and Opie et al.4!: The 
inner zone of ischemia with maximal S- T segment ele- 
vation had flow values of 5 to 10 percent of control val- 
ues, whereas the zone of decreasing S- T segment ele- 
vation had flow values of up to 30 percent of control 
values. Both areas exhibited severe metabolic impair- 
ment. In contrast, the zone surrounding the area of cy- 
anosis in which S-T segments were isoelectric or de- 
pressed had either a small decrease or an increase in flow 
and only slight metabolic impairment. Although the 
zone with flow up to 30 percent of the control value 
might arguably be a border zone, the distance between 
biopsy sites necessitates that it be considered a zone of 
change in which a border zone may be located. However, 
careful consideration of the flow data suggests that the 
major change in flow might occur between the zones of 
S- T segment depression and S- T segment elevation as 
opposed to within the latter. This hypothesis would 
support the concept of a sharp interface of flow. How- 
ever, in the study of Opie and Owen,*! glucose-insulin- 
potassium infusion was found to be protective in the two 
zones, an observation that could support the concept of 
a border zone of intermediate injury. 

The second way to improve the resolution of elec- 
trocardiographic recordings is to increase greatly the 
number of recording sites and reduce the distance be- 
tween sites. This procedure was adopted by one of us,!? 
who used up to 100 identifiable sites in and around the 
ischemic boundary. With use of this technique the an- 
alytic zone of change was narrowed to approximately 
10 mm and, in view of likely errors of location, mixed 
signals and heterogeneous tissue, it would seem prob- 
able that a sharp interface was being detected. 
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Thus, very little strong electrocardiographic evi- 
dence can be found for the existence of a border zone 
of intermediate injury and in view of the rather im- 
precise nature of the technique and the complexities of 
its interpretation?94? most results would appear to be 
consistent with a sharp electrical interface. 


Biochemical Studies 


Limitations of biopsy studies: Metabolic studies of 
lateral and transmural gradients have mostly been 
based on rapid sequential or simultaneous multiple 
biopsies!?:19.2441,43 followed by the analysis of conven- 
tional markers of ischemic injury such as adenosine 
triphosphate (A'TP), creatine phosphate (CP), lactate, 
glycogen, creatine kinase and sodium/potassium ratios. 
The limitation of almost all biopsy studies relates to the 
size and distance between the biopsies, these two di- 
mensions determining the limit of resolution of the 
procedure. In addition to this problem of analytic zones 
of change as opposed to actual zones of change, inves- 
tigators must contend with the problem of the retrieval 
of mixed tissue, where a biopsy sample composed of 
normal and ischemic tissue on homogenization might 
incorrectly indicate intermediate injury. Thus, for ex- 
ample, early studies by Kjekshus and Sobel^ of creatine 
kinase depletion in rabbit and dog hearts and later 
studies from the same group??:4»-?? all indicated inter- 
mediate degrees of enzyme loss. Although these results 
were often correlated with similar changes in flow and 
electrocardiographic activity, they cannot really be used 
as definitive evidence for the border zone because 
sampling sites were often far apart and the possibility 
of mixed tissue sampling could not be excluded. Similar 
cautions have to be applied to the studies of Lie et al.,4? 
who showed intermediate changes in sodium/potassium 
and magnesium/calcium ratios, and the studies of Opie 
et al.4*? As we stressed earlier, one further caution must 
be applied to all studies, namely, the validity of asso- 
ciation between the variable under study (for example, 
creatine kinase leakage, potassium loss or ATP deple- 
tion and the critical transition between reversible and 
irreversible damage). 

Not all biochemical studies report intermediate in- 
jury, nor are they all interpreted as supportive of the 
border zone. Thus, Hirzel et al.? combined heart sec- 
tioning, blood flow analysis and creatine kinase studies 
to investigate tissue gradients in the dog heart with 
coronary arterial ligation. These investigators reported 
an abrupt change between normal and ischemic tissue. 
Unfortunately, as the authors conceded, their study 
cannot be used to disprove the transient existence of a 
border zone because it was performed 24 hours after the 
onset of ischemia, at which time such a zone might ar- 
guably have disappeared. 

Multiple biopsy technique (small samples and 
close tissue sections): Clarification of the metabolic 
border zone debate clearly requires large numbers of 
small biopsy samples, closely located and obtained at 
appropriate times. With this in mind one of us? un- 
dertook a study using a multiple biopsy drill capable of 
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FIGURE 4. Sharp interfaces of metabolism. Three dimensional repre- 
sentation of the creatine phosphate content of 40 adjacent biopsy 
specimens (4 by 4 mm section) obtained from the left ventricle of the 
dog heart 30 minutes after coronary arterial ligation. '? In each instance 
only the first 1.8 mm of the epicardial tissue was taken for analysis. The 
findings suggest a sharp interface between the normal and ischemic 
tissue. 
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simultaneously retrieving 29 transmural biopsies over 
a 4 by 5 cm area of tissue. Each biopsy specimen was 4 
mm in diameter and the centers were 8 mm apart. Using 
this technique, together with the analysis of a number . 
of variables including ATP, CP and lactate, we were able © 
to narrow the width of the zone of change to approxi- — 
mately 10 mm. However, because the maximal resolving | 
power of the biopsy device was 8 mm it was impossible . 
to state categorically whether a true border zone existed. — 
We therefore developed a new approach to the biopsy ~ 
procedure that overcame many of the technical dif- 
ficulties associated with other methods, and also allowed 
any number of biopsy specimens of any size over any 
area to be retrieved simultaneously. More importantly, 
the biopsy samples were contiguous. The method was 
based on a nonrotating biopsy cutter that relied on high | 
velocity impact for the subdivision and retrieval of tis- 
sue.?253 With this device, as reported in this issue of 
Journal,!? we were able to reduce the maximal width of 
the zone of change for flow and metabolism to 2 mm or 
less (Fig. 4). Thus, evidence is available that in the dog 
heart, 30 minutes after coronary occlusion, there is no 
quantitatively significant border zone in the lateral 
plane. 
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Mechanical Studies 


As discussed in the section dealing with definitions, 
the use of terms such as “border zone,” “jeopardized” 
and “reversible injury” must provide for the ability of 
the tissue to recover mechanical function. Ideally, 
therefore, any studies of border zones or tissue salvage 
should incorporate measurements of regional variations 
in contractile activity. Unfortunately, such measures 
are far more difficult to obtain than are the more tra- 
ditional biochemical, flow or electrical variables. 
However, several studies incorporating these mea- 
surements have been described. Theroux et al.^? in 1974 
used three pairs of 2 mm ultrasonic probes to measure 
contractile performance in normal, ischemic and margin 
tissue of the dog heart after short periods of coronary 
arterial occlusion. A prompt dyskinesia was observed 
in the ischemic zone, where diastolic length increased 
by 11 percent and stroke work decreased by 91 percent. 
In the marginal tissue the changes were only one third 
as great. This zone of intermediate function was con- 

sidered potentially salvageable and responded to vari- 
ous interventions such as administration of nitroglyc- 
erin, propranolol and isoproterenol. However, because 
all three segments responded to these agents, the pos- 
sibility that the marginal tissue represented a mixture 
of normal and ischemic tissue cannot be eliminated. 
Puri? undertook a similar study with a strain gauge that 
was progressively moved from the core of an ischemic 
area to the surrounding normal tissue. Again a zone of 
intermediate contractile activity was detected and this 
responded to various agents such as isoproterenol, 
norepinephrine, ouabain and methoxamine, and again 
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the possibility of a mixed tissue bed could not be elim- 
inated. 

One interesting possibility relating to regional vari- 
ations in contractile activity and tissue injury was raised 
by Fishbein et al.,?? namely, that border zone tissue 
paradoxically may be more susceptible than normal 
zone tissue to tissue injury. In essence, the argument is 
that if true gradients of flow exist then the severely 
ischemic tissue at the core of an area of regional isch- 
emia is likely to cease contracting, whereas that on the 
periphery may continue to contract. The conservative 
effects of the contractile shutdown may thus protect the 
core while the peripheral tissue sustains greater injury. 
Fishbein et al.2° supported such an argument with 
histochemical studies of patterns of glycogen deple- 
tion. 


The Border Zone: Possible 
Quantitative Significance 


Although it is of obvious academic interest to ascer- 
tain whether a sharp interface or a zone of intermediate 
injury separates normal from severely ischemic tissue, 
in practical terms a border zone may be important and 
interesting only if it is quantitatively significant in terms 
of potential tissue salvage. To illustrate this point, 
Figure 5 shows an idealized relation between the 
amount of ischemic tissue (mass and diameter) and 
percent of salvageable tissue (mass of tissue in the 
border zone) for a variety of border zone widths. For the 
generation of this figure two assumptions were made: - 
(1) that the border zone exists, and (2) that it can be 
salvaged. Over and above these assumptions, the model 
used for the calculation is based on a transmural zone 


FIGURE 5. Possible quantitative 
significance of a salvageable 
border zone. Interrelations be- 
tween the amount of ischemic 


Tug Pa 10 mm tissue (mass and diameter of 
ENE e 8 mm affected tissue are indicated) 
ace ag NE and the percent that is poten- 
mm s . 
"PRAES NE tially available for salvage for 
4 mm various border zone widths. 
We pm = as 2 mm 


Critical assumptions are that the 
border zone exists and that it 
can all be salvaged. For details 
of calculations and other as- 
sumptions see text. 
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of ischemia, cylindrical in shape with diameters of 20, 
40, 80, 120 and 160 mm. For the calculations, the density 
of the tissue has been taken as 1.5 and the ventricular 
wall thickness as 10 mm. 

The calculations have been performed for border 
zones of 1,2,4,6,8and 10 mm width. For example, for 
a fairly large area with a diameter of 80 mm a very 
substantial amount of tissue (75.4 g) lies within the 
ischemic area and, with a 10 mm border zone, 43.8 per- 
cent (33.0 g) could be saved if the entire border zone 
could be salvaged. As the size of the border zone de- 
creases, the absolute amount and percent of salvageable 
tissue decreases, but even at a diameter of 2 mm, 9.7 
percent of the affected mass (that is, 7.4 g) would be 
potentially available for salvage. With smaller areas of 
ischemia the percent of tissue available for salvage in- 
creases dramatically, but the absolute amount of tissue 
is less impressive. Thus, with a diameter of 40 mm, the 
salvage of a 2 mm border zone would save almost one 
fifth of the affected tissue; however, this represents less 
than 4 g. From Figure 5, it is probably fair to conclude 
that in terms of absolute tissue saved, border zones of 
2 mm or less may be quantitatively and therapeutically 
insignificant. These examples have been based on a 
number of dimensional assumptions; substitution of 
different values or calculations on the basis of hemi- 
spheres instead of cylinders would generate slightly 
different figures but the interpretation would be unal- 
tered. 


Limitations and Concluding Remarks 


At the present time the weight of experimental evi- 
dence suggests that in the various models described in 
this article there is unlikely to be a quantitatively sig- 
nificant spatially identifiable border zone in the lateral 
plane. In other words, the transition from normal to 
ischemic tissue is probably accomplished over a distance 
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of less than 2 mm and possibly in as little as the di- _ 
mensions of one cell. Such a transition would generate 
sharp gradients of flow, metabolism and related func- — 
tions. These sharp interfaces (which might play a critical 
role in the genesis of secondary effects such as ar- 
rhythmias*?) would be determined predominantly by - 
the anatomy of the coronary vasculature (especially the 
distribution of various vascular beds and the degree of | 
collateral circulation). However, certain factors such as _ 
diffusion and active transport may act to displace var- - 
ious gradients relative to each other. 
The situation in the transmural plane is less weil — 
established. The absence of spatially identifiable border — 
zones of intermediate injury in both planes would re- - 
quire a major reappraisal of concepts for the therapeutic 
reduction of infarct size. However, such concepts need — 
not be dismissed even in the absence of zones of inter- - 
mediate injury because the temporal component of . 
tissue injury might involve the migration (particularly | 
transmurally) of interfaces and this might conceivably 
be modified by various protective agents. 3 
Clinical implications: Extrapolation of these ob- — 
servations, comments and conclusions to the human  - 
heart should be made with great caution. As already 
discussed, major species differences exist, particularly - 
in relation to the characteristics of collateral flow. Most 
experimental studies have involved single or multiple - 
coronary arterial ligation, a situation that generates 
large areas of sharply demarcated ischemia. T'hese areas 
are very severely ischemic and short of reperfusion - 
(which is not a practical consideration in the early — 
phases of evolving myocardial infarction); the affected 
tissue is inevitably condemned to cell death and ne- 
crosis. The situation prevailing in human beings with — 
partial coronary arterial occlusion or diffuse ischemic 
heart disease may well be very different and is clearly — 
in urgent need of investigation. 1 
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he Porta Pak 80 !ets you stay with 
our patient. Everything you need to 
onitor, record and defibrillate is in 
our hands. It’s easy to operate be- 
ause stylus heat and ECG size adjust- 
ents are done for you, automatically. 
he large 5 inch monitor scope and 
asy to read chart recorder make eva- 
ation of your patient's vital signs 
impler, faster. 


When you defibrillate, you can be 
ure that the energy you provide will 
e the energy you select, regardless 
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of your patient. Our transthoracic load 
compensating module monitors your 
patient's resistance, adjusting the 
delivered energy. No other defibrillator 
does this. 


Independent Power 

The monitor/recorder can go with your 
patient. Just pull and lift off. It's that 
simple. The monitor and defibrillator 
may be operated from their own 
sealed battery back-up system, or 
from your power line. Power is 
available wherever you are. 
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he | pes Lum Pak80 











At Medical Research Laboratories, 
we're making equipment simple, more 
reliable, and better, to help you pro- 
vide your patients with the best care 
possible. 

Arrange to evaluate the Porta Pak 
80 now. Contact your local represen- 
tative, or call 800/323-1415. 


The New Porta Pak 80 from 
MRL...it's like having 
another pair of hands. 


medical research laboratories, inc. 
7450 natchez avenue, niles, illinois 60648 
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FIRST INTERNATIONAL SYMPOSIUM 
ON NUCLEAR CARDIOLOGY 


Co-Sponsored by the International Society and Federation of Cardiology, 
Israel Heart Society and Israel Academy of Sciences 

Tel Aviv, Israel, September 6-10, 1981 

—H.N. Neufeld, Chairman, A. Battler, General Secretary 





Plenary Sessions and Symposia 


Basic Principles of Radioisotope Imaging in Cardiology 

The Role of Nuclear Medicine in Clinical Cardiology Decision Making 

Current Status of Acute Myocardial Infarction Scanning: The Role of 
Technetium Pyrophosphate 

Nuclear Techniques for Evaluation of Ventricular Function in Cardiac Patients 

Application of Nuclear Techniques in Pediatric Cardiology 

The Role of Nuclear Cardiology in Cardiovascular Surgery 

Assessment of Myocardial Perfusion and Coronary Flow with Radioisotopes 

Evaluation of Myocardial Reperfusion Using Nuclear Cardiology Techniques 

Assessment of Regional Myocardial Function: Methods and Application 

New Application, Equipment and Computer Techniques in Nuclear Cardiology 

Evaluation of Cardiovascular Drugs Using Nuclear Cardiology Techniques 

Evaluation of the Influence of Nifedipine on Myocardial Function by Nuclear Techniques 

The Role of Nuclear Cardiology -vs- Other Noninvasive Methods in Evaluation of 
the Cardiac Patient 

Controversies in Nuclear Cardiology, to include: 


Where should nuclear cardiology be done and by whom? In the nuclear medicine or cardiology 
departments, by the nuclear medicine physician or the cardiologist? 

T1 201 -vs- Tc??" What should be used and when? 

First-pass -vs- multigated ventriculography 

The optimal methods for screening coronary artery disease 

Is it justified to replace the conventional exercise testing by exercise nuclear techniques? 

What is normal in the interpretation of nuclear cardiology procedures? 


SPEAKERS TO INCLUDE: 





H. Atlan, Israel S. Horowitz, USA D. Pitcher, UK 

A. Battler, Israel P.G. Hugenholtz, The Netherlands B. Pitt, USA 

G.A. Beller, USA W.D. Johnson, USA G.M. Pohost, USA 
H.J. Berger, USA F. Kaindl, Austria P. Rigo, Belgium 
D.S. Berman, USA M. Kaltenbach, FRG J.L. Ritchie, USA 
W.H. Bleifeld, FRG E.V. Kotlyarov, USA J. Ross, Jr, USA 
M.M. Bodenheimer, USA E. Kuschnir, Argentina W. Rudolph, FRG 
J.S. Borer, USA J. Lessem, Sweden D.H. Schmidt, USA 
E.H. Botvinick, USA P.R. Lichtlen, FRG H. Schmutzler, FRG 
K. Buehlmeyer, FRG R.J. Luchi, USA G. Schuler, FRG 
P.J. Cannon, USA F.J. Macartney, UK A.P. Seiwyn, UK 
V.F. Froelicher, USA F.L. Meijler, The Netherlands S. Sinai, Israel 

I.J. Gelb, USA H. Miller, Israel S. Treves, USA 

R. Guzzardi, Italy D.S. Moodie, USA J.W. Verba, USA 
R.H. Helfant, USA W. Nechwatal, FRG P. Shin-Hwa Yeh, Taiwan 
C. Hellman, Israel H.N. Neufeld, Israel B.L. Zaret, USA 
B.L. Holman, USA M. Pfisterer, Switzerland 
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- THE SURFRC 


may reveal the cause 
of his cardiovascular disease 


A great deal of current cardiovascular research is 
focused on arterial wall dynamics and the role of 
elevated blood lipids in atherosclerosis. While progress 
is slow, it is being made. 

Recent in vitro experiments, for example, indicate 
there may be an altemative pathway of cholesterol 
disposal. When a subject lacks one of the genes 
required to produce low density lipoprotein receptors, 
cholesterol has been shown to accumulate in arterial 
lesions. This back-up, the in vitro work suggests, is 
removed and stockpiled by scavenger cells, especially 
macrophages. Lipoprotein molecules, chemically al- 
tered to increase the negative electrostatic charge, 
appear to bind to the macrophages, building up as 
long as the supply lasts because there is no automatic 
shutoff mechanism. When plasma protein levels drop, 
however, the swollen Matt tp Siow the PP 


Jopefully, further research will lead to a cg " Pd 
NI inhibit this process. ZA 


OT Leff DN: Med World New 2113): 47-56, June 30, 1980. 





































„aNd the cause of his 
excessive anxiety , 


With many cardiac patients, a few dis- 
creet questions may uncover a good deal 
of just-below-the-surface anxiety. Usually, 
this excessive anxiety yields to frequent 
explanation and reassurances. When these 
measures fail, however, the specific anti- 
anxiety action of Valium (diazepam/Roche) 
cah be especially helpful. 

Valium works promptly. Within hours of 
the first dose, patients begin to feel calmer 
and more relaxed. Within days, they tend 
to become significantly less appre- 
hensive as symptoms are relieved. As a 
result, they are better able to cope with 
their problems and cooperate in their re- 
habilitative programs. 

And a particular advantage of Valium— 
its used with most primary medications, 
including cardiac glycosides . . . diuretics 
and vasodilators. Valium rarely has adverse 
circulatory or respiratory effects. Although 
drowsiness, fatigue and ataxia are some- 
times encountered, these and more serious 
side effects are seldom a problem. Patients 
should be cautioned against driving or 
drinking alcohol while on Valium. Periodic 
reassessment of the need for antianxiety 
medication is also recommended. 


VRUUM, 


dlazeo 


am/Roche 


2-mg, 5-mg, 10-mg scored tablets 


A primary choice for anxiety 
secondary to cardiac disorders. 


Please see the summary of product information on the next page. 
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VALIUM* (diazepam/Roche) di 


Before prescribing, please consult complete product 
Information, a summary of which follows: 
Indications: Management of anxiety disorders, or short- 
term relief of symptoms of anxiety; symptomatic relief of 
acute agitation, tremor, delirium tremens and hallucinosis 
due to acute alcohol withdrawal; adjunctively in skeletal 
muscle spasm due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron disorders; athe- 
tosis; stiff-man syndrome; convulsive disorders (not for sole 
therapy). 
The effectiveness of Valium (diazepam/Roche) in long-term 
use, that is, more than 4 months, has not been assessed by 
systematic clinical studies. The physician should 
periodically reassess the usefulness of the drug for the 
individual patient. 
Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle 
glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used agjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard 
anticonvulsant medication; abrupt withdrawal may be 
associated with temporary increase in frequency and/or 
severity of seizures. Advise against simultaneous ingestion of 
alcohol and other CNS depressants. Withdrawal symptoms 
similar to those with barbiturates and alcohol have been 
observed with abrupt discontinuation, usually limited to 
extended use and excessive doses. Infrequently, milder 
withdrawal symptoms have been reported following abrupt 
discontinuation of benzodiazepines after continuous use, 
generally at higher therapeutic levels, for at least several 
months. After extended therapy, gradually taper dosage. 
Keep addiction-prone individuals under careful surveillance 
because of their predisposition to habituation and 
dependence. 
Usage In Pregnancy: Use of minor tranquilizers 
during first trimester should almost always be 
avoided because of increased risk of congenital 
malformations as suggested in several studies. 
Consider possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy if they 
intend to or do become pregnant. 
Precautions: |f combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of 
agents employed; drugs such as phenothiazines, narcotics, 
barbiturates, MAO inhibitors and other antidepressants may 
potentiate its action. Usual precautions indicated in pa- 
tients severely depressed, or with latent depression, or with 
suicidal tendencies. Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to smallest effective 
amount in elderly and debilitated to preclude ataxia or 
oversedation. 
Side Effects: Drowsiness, confusion, diplopia, hypotension, 
changes in libido, nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, headache, incon- 
tinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical 
reactions such as acute hyperexcited states, anxiety, hallu- 
cinations, increased muscle spasticity, insomnia, rage, 
sleep disturbances, stimulation have been reported; should 
these occur, discontinue drug. Isolated reports of neutro- 
penia, jaundice; periodic blood counts and liver function 
tests advisable during long-term therapy. 
Dosage: Individualize for maximum beneficial effect. 
Adults: Anxiety disorders, symptoms of anxiety, 2 to 10 mg 
b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in first 24 
hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric or 
debilitated patients: 2 to 2⁄2 mg, 1 or 2 times daily initially, 
increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 2/2 mg t.i.d. or q.i.d. initially, increasing as 
needed and tolerated (not for use under 6 months).  . 
Supplied: Valium® (diazepam/Roche) Tablets, 2 mg, 5 mg 
and 10 mg— bottles of 100 and 500; Tel-E-Dose* packages 
of 100, available in trays of 4 reverse-numbered boxes of 25, 
and in boxes containing 10 strips of 10; Prescription Paks of 
50, available in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
" Nutley, New Jersey 07110 


New Cardiology Titles from 
Martinus Nijhoff, Boston 


The Evaluation of New 
Antiarrhythmic Drugs 


edited by Joel Morganroth, The Lankenau Hospital, 
Philadelphia, PA, et al. 


Developments in Cardiovascular Medicine, Vol. 11 


A presentation of precise guidelines on how to evaluate new 
antiarrhythmic drugs for efficacy and safety, this book, the 
result of a symposium, is organizes into four parts. Part One 
emphasizes the preclinical evaluation of antiarrhythmic 
drugs. Part Two addresses the study of patients with 
non-hemodynamically significant ventricular premature 
complexes, with particular attention to the issues of long- 
term electrocardiographic monitoring techniques, definition 
of antiarrhythmic drug efficacy, and the classification of 
ventricular premature complexes in terms of efficacy 
measures. Part Three discusses how to study patients with 
hemodynamically significant ventricular arrhythmias. Part 
Four treats special topics, including electrophysiologic and 
hemodynamic drug effects, long-term toxicity, and arterial 
arrhythmias. 


1981, cloth, 340 pp., ISBN 90-247-2474-0, $39.95 


The Slow Inward Current and 
Cardiac Arrhythmias 


edited by Douglas P. Zipes, John C. Bailey, and Victor 
Elharrar, /ndiana University School of Medicine 
Developments in Cardiovascular Medicine, Vol. 7 

Written by experts in the field, this book provides a new 
review of the role of slow inward current in cardiac electro- 
physiology. An overview of the concept, a consideration of 
the basic properties of the slow inward current. models of 
the slow inward current, its role in the genesis of cardiac 
arrhythmias, and clinical implications are among the topics 
given full and clear treatment. 


1980, cloth, 526 pp., ISBN 90-247-2380-9, $69.50 


Cerebrovascular Evaluation with 
Doppler Ultrasound 


edited by Merrill P. Spencer and John M. Reid, 

Institute of Applied Physiology and Medicine, Seattle 
Washington 

Developments in Cardiovaseular Medicine, Vol. 6 

This book focuses on many new features of cerebrovascular 
evaluation using Doppler ultrasound, with individual chapters 
on specific aspects of this technique. Detailed treatment is 
given to the basic properties of ultrasound and the latest 
techniques in ultrasonic imaging, the physiology and 
hemodynamics of the carotid and vertebral circulation, and 
the latest research data on carotid disease. Included also 
are excellent illustrations of periorbital collateral pathways, 
and detailed discussions on bruits, and the surgical aspects 
of carotid arterial disease. 


1980, cloth, 246 pp., ISBN 90-247-2384-1, $44.50 


Coronary Care Units 


edited by Attilio Maseri, Hammersmith Hospital, London, et 
et al. 

The aim of this volume, the results of a European seminar, is 
to distinguish technologies of immediate benefit to routine 
application in coronary care units from those that should still 
be considered in the domain of research and development. It 
provides a comprehensive evaluation of current technological 
developments and emphasizes the need for standardization 
of methods for evaluation of new procedures and the 
development of common protocols for classification of 
patients. 

1981, cloth, 292 pp., ISBN 90-247-2456-2, $45.00 


ijhoff, Boston 


A Kluwer Company 





Martinus Nijhoff books are available from your bookseller, or 
from: Kluwer Boston, Inc., 190 Old Derby St., Hingham, MA 
02043 
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The Best Bu 
In Ullrasoun 
Sector Scanning 


New and improved features and 
a capacity for integrating future 
developments make the new 
Varian V-3400R phased array 
sector scanner the best buy in 
Cardiac ultrasound imaging. 


superior Image Quality 


New image processing compo- 
nents combine with the smallest 
transducer available in real-time 
sector scanning. 


Advanced Clinical Features 


A more compact, mobile unit: 
sharper images with a new strip 
chart recorder; built-in video- 
tape recorder with remote con- 
trols; display of up to four phys- 
iological channels; and a high- 
quality M-mode with new 
capabilities. 


Powerful Image Processing 


The widely accepted Varian 
Digital Scan Processor (DSP) 
with dual memory, now with 


9m Gat 
Ease of Control 


VARIAN V3400R 































Improved Strip Chart 





improved software, provide 
grey-scale manipulation; v. 
able image persistence; fr: 
averaging; expanded freez 
frame; and quantitation ca; 
ities. Also, evaluate data w 
the companion Image Ana 
Center. 


Flexible, Upgradeable 
Built-in capacity for integre 
future Varian developments 
in progress such as: Digita 
M-Mode, Dual-Phasing Higl 
Resolution Image Processi! 
and Doppler. 

Learn More Details - 
Contact Varian Medical 
Group Marketing, 


611 Hansen Way, Palo Alto, 
CA 94303, (415) 493-4000 
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Y CLINICAL ASSESSMENT ALONE... 


Ultrasound Plethysmography 
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. Techniques sensitive to 
thrombosis in popliteal, femoral 
and iliac veins* 


Doppler Ultrasound 


ing particles in the blood, the character of 

the sound changes (Doppler shift) proportion- 
ally to the velocity of the flow. Diminished flow 
signifies thrombosis. 


Impedance Plethysmography 


Principle—Venous blood volume in the lower 


leg changes in response to inflation and 
deflation of a pneumatic thigh cuff. This blood 
volume change results in change of electrical 
resistance, or impedance. In the presence 

of deep vein thrombosis, there is little or 

no change in leg blood volume, and therefore 
little change in electrical impedance, because 
venous flow is obstructed and venous pulse 
is not transmitted. 


Techniques sensitive to thrombosis 
in smaller veins of the calf* 


75l-Fibrinogen Scan 


Principle—Fibrinogen labeled with radio- 
active iodine is incorporated into actively 
forming thrombi. An isotope detector then 
measures the increase of overlying surface 
radioactivity. 


Thermography 


Principle—Deep vein thrombosis in the calf is 
associated with a diffuse area of increased 
heat emission from the involved muscle 
groups, as well as deviation of blood flow 
from the deep venous system to the superfi- 
cial. Diagnosis is made by the thermographic 
picture itself with its distribution of tempera- 
ture, rather than by the absolute temperature 
of the leg or the difference in temperature 
between legs. 


DOD Depot Availability: Bottles of 100 
NSN #6505-00-982-4230/2 mg 
6505-00-982-4229/5 mg 


“In some instances, these techniques may be of diagnostic value 
beyond the indicated anatomical regions. 


*Present as crystalline sodium warfarin isopropanol clathrate 
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Noninvasive, sensitive, portable 

for bedside use 

While each technique has its own strengths 
and drawbacks, you can find certain diag- 
nostic benefits common to all: reliable/ 
sensitive/readily reproducible/convenient 
for bedside use/well accepted by patients 


Selecting patients who can 
benefit most 


screening for deep vein thrombosis is espe- 
cially important among certain high-risk 
patients, including those with one or more of 
the following factors: 

m advanced age m fractures of lower limb 

m hip surgery m pelvic or abdominal surgery 
with extensive dissection m previous venous 
thromboembolism m congestive heart failure 
m Cancer surgery m obesity m varicose vein 


surgery 


Once you've decided to 
anticoagulate... 

COUMADIN® (crystalline warfarin sodium) 
offers effective prophylaxis and treatment of 
venous thrombosis and its extension. For 
initiating COUMADIN at the proper dosage, 
the prothrombin time test is your most valua- 
ble tool. And used frequently over the course 
of treatment, it serves as a reliable guideline 
for dosage adjustments. (See “Dosage and 
Laboratory Control” section of full prescribing 
information.) Patient compliance is a major 
component of successful anticoagulant treat- 
ment. The more patients know about their 
illness and their medication, the more reliable 
they should be in following your instructions 
regarding taking of medication, keeping labo- 
ratory appointments, maintaining proper diet 
and, in general, caring for their own health. 


COUMADIN 


crystalline warfarin sodium, USP’ 
TABLETS 


The oral anticoagulant of choice 
for suspected or detected 
thromboembolism 

COUMADIN is an Endo registered U.S. trademark. 


Before prescribing, please see full product information 
on following page. 
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| 
| DESCRIPTION COUMADIN (crystalline warfarin sodium), a prothrombinopenic anticoagulant, 
is chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of warfarin 
- sodium virtually eliminates trace impurities present in amorphous warfarin sodium, thus achiev- 
. ing a crystalline product of the highest purity. Warfarin* is the coined pene name for 3-(a- 
. Acetonylbenzyl)-4-hydroxycoumarin. On a dose-for-dose basis. COUMADIN (crystalline war- 
.. farin sodium) is therapeutically equivalent to amorphous warfarin sodium. 


ACTIONS COUMADIN and other coumarin anticoagulants act by depressing synthesis in the 
liver of several factors which are known to be active in the coagulation mechanisms in a variety 
of diseases characterized by thromboembolic phenomena. The resultant in vivo effect is a 
. sequential depression of Factors VII, IX. X and Il. The degree of depression is dependent upon 
_ the dosage administered. Anticoagulants have no direct effect on an established thrombus, 
. mor do they reverse ischemic tissue damage. However, once a thrombosis has occurred, 
anticoagulant treatment aims to prevent further extension of the formed clot and prevents 
secondary thromboembolic complications which may result in serious and possible fatal 
‘sequelae. 
After oral administration, absorption is essentially complete, and maximal plasma concentra- 
tions are reached in 1 to 9 hours. Approximately 9796 is bound to albumin within the plasma. 


- COUMADIN (crystalline warfarin sodium) usually induces hypoprothrombinemia in 36 to 72 ` 


“hours, and its duration of action may persist for 4 to 5 days. thus producing a smooth. long 
- lasting response curve. Little is known of the metabolic pathways involved in the biotransfor- 
“mation of oral anticoagulants in man. However, their metabolites appear to be eliminated 
principally in the urine. 


INDICATIONS Based on a review of this drug by the National Academy of Sciences— 
ie ee Research Council and/or other information, FDA has classified the indications as 
ollows: 

Effective: COUMADIN is indicated for the prophylaxis and treatment of venous thrombosis 
and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


| . "Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 


- CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical 
. Condition or personal circumstance in which the hazard of hemorrhage might be greater than its 
- potential clinical benefits, such as: 


f Pregnancy—COUMADIN (crystalline warfarin sodium) is contraindicated in pregnancy because 
- the drug passes through the placental barrier and may cause fatal hemorrhage to the fetus in 
»- utero. Furthermore, there have been reports of birth malformatons in children born to mothers who 
= have been treated with warfarin during pregnancy. Women of childbearing potential who are 
.— candidates for anticoagulant therapy should be carefully evaluated and the indications critically 
. reviewed with the patient. If the patient becomes pregnant while taking this drug, she should be 
d apprised of the potential risks to the fetus, and the possibility of termination of the pregnancy 
_ should be discussed in light of those risks. x 


M ic tendencies or blood dyscrasias. Recent or contemplated su of: (1)central 
- nervous system; (2)eye: (3)traumatic surgery resulting in large open surfaces. Bleeding tenden- 
. cies associated with active ulceration or overt bleeding of: (1 )gastrointestina!, genitourinary or 
_ respiratory tracts; (2)cerebrovascular hemorrhage, (3)aneurysms—cerebral, dissecting aorta. 
.. (4)pericarditis and pericardial effusions: (5)subacute bacterial endocarditis Threatened abortion, 
. eclampsia and preeclampsia. | e laboratory facilities or unsupervised senility. alcohol- 
. ism, psychosis; or lack of patient cooperation. Spinal puncture and other diagnostic or therapeutic 
_ procedures with potential for uncontrollable bleeding. Miscellaneous: major regional. lumbar 
_ block anesthesia and malignant hypertension. 
WARNINGS Warfarin sodium is a potent drug with a hall-life of 272 days, therefore its effects may 
‘become more pronounced as daily maintenance doses overlap. It cannot be emphasized too 
dei that treatment of each patient is a highly individualized matter. Dosage should be con- 
troll y periodic determinations of prothrombin time or other suitable coagulation tests. Deter- 
- minations of whole blood clotting and bleeding times are not effective measures for control of 
. therapy. Heparin prongs the one-stage prothrombin time. Therefore, to obtain a valid prothrombin 
time when heparin and COUMADIN (crystalline warfarin sodium) are given together. a period of at 
_ least 5 hours should elapse after the last intravenous dose and 24 hours after the last subcutaneous 
dose of heparin, before blood is drawn. 


Caution should be observed when warfarin sodium is administered in any situation or physical 
‘condition where added risk of hemorrhage is present. 


— Administration of anticoagulants in the following conditions will be based upon Clinical judgment 
. in which the risks of anticoagulant therapy are weighed against the risk of thrombosis or emboli- 
- zation in untreated cases. The following may be associated with these increased risks: 


- Lactation—coumarins may pass into the milk of mothers and cause a prothrombinopenic state in 
. the nursing infant. Severe to hepatic or renal insufficiency. Infectious diseases or 
. disturbances of intestinal flora —sprue. antibiotic therapy. Trauma which may result in internal 
. bleeding. Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. 
- Severe to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabe- 


tes, severe allergic and anaphylactic disorders. 
. Patients with congestive heart failure may become more sensitive to COUMADIN, thereby requiring 
. more frequent laboratory monitoring. and reduced doses of COUMADIN. 


: Concurrent use of anticoagulants with streptokinase or urokinase is not recommended and may 
E be hazardous. (Please note recommendations accompanying these preparations.) 
$ 


























over three to four weeks. 


_ PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation 
test is essential. 


= Numerous factors, alone or in combination, including travel, changes in diet, environment, 
_ physical state and medication may influence response of the patient to anticoagulants. It is 
; Y sober good practice to monitor the t's response with additional prothrombin time 
«ae inations in the period immediately after discharge from the hospital, and whenever 
F other medications are initiated, discontinued or taken haphazardly. The following factors are 
. listed for your reference; however, other factors may aiso affect the prothrombin response. 
d 


| . The following factors, alone or in combination, may be responsible for increased prothrom- 

! _ bin time response: 

[s ENDOGENOUS FACTORS: Carcinoma; collagen disease. congestive hear: failure. diarrhea; ele- 
. vated temperature; hepatic disorders—infectious hepatitis, jaundice: poor nutritional state; vitamin 


. K deficiency—steatorrhea. 


- EXOGENOUS FACTORS: Alcohol; allopurinol. aminosalicylic acid; anabolic steroids; antibiotics; 

.. bromelains; chloral hydratet; chlorpropamide; chymotrypsin; cimetidine; cinchophen, clofibrate; 

* COUMADIN (crystalline warfarin sodium) overdosage, dextran; dextrothyroxine. diazoxide, dietary 
deficiencies; diureticst; disulfiram; drugs affecting blood elements; ethacrynic acid: glucagon; 
hepatotoxic drugs: indomethacin; inhalation anesthetics; mefenamic acid. methyldopa, methyl- 
phenidate; metronidazole; monoamine oxidase inhibitors; nalidixic acid; oxolinic acid. oxyphen- 
butazone: pyrazolones; phenylbutazone; phenyramidol. phenytoin. prolonged hot weather, prolonged 
Narcotics; quinidine; quinine: salicylates, sulfinpyrazone; sulfonamides. long acting. sulindac, thy- 
roid drugs; tolbutamide; triclofos sodium; trimethoprim/sulfamethoxazole. unreliable prothrombin 
time determinations. 


*Present as crystalline sodium warfarin isopropanol clathrate. 
tincreased and decreased prothrombin time responses have been reported. 


COUMADIN is an Endo registered U.S. trademark. 
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hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids; alcoholT; antacids; antihistamines; barbitu- 
rates; chloral hydratet; chlordiazepoxide; cholestyramine; COUMADIN (crystalline warfarin so- 
dium) underdosage; diet high in vitamin K; diureticst; ethchlorvynol; glutethimide; griseofulvin; 
haloperidol; meprobamate; oral contraceptives; paraldehyde; primidone; rifampin; unreliable pro- 
thrombin time determinations; vitamin C. 


tincreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and 
some decrease his sensitivity to COUMADIN. Because the net effect on his prothrombin time 
repone may be unpredictable under these circumstances, more frequent laboratory monitoring 
is advisable. 


Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion. 
and when their administration is started or stopped, the prothrombin time should be determined 
more often than usual. 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tol- 
butamide) and anticonvulsants (phenytoin and phenobarbital) may accumulate in the body as a 
result of interference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN (crystalline warfarin sodium) include: 


1. Minor or major hemorrhage from any tissue or organ—which is an extension of the physiologic 
activity of prothrombinopenia. The signs and symptoms will vary according to the location and 
degree or extent of the bleeding. Therefore the possibility of hemorrhage should be considered in 
evaluating the condition of any anticoagulated patient with complaints which do not indicate an 
obvious diagnosis. Bleeding durin eat therapy does not always correlate with prothrom- 
bin activity. (See TREATMENT FOR OVERDOSAGE ) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diag- 
nostic investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer, etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever, nausea, diarrhea. abdominal cramping, a syndrome called “purple toes’ hypersensitivity 
reactions and a reaction consisting of hemorrhagic infarction and necrosis of the skin. 


3. Priapism has been associated with anticoagulant administration, however, a causal relationship 
has not been established. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the 
coagulation or clotting mechanism to such an extent that thrombosis will not occur, but at the 
same time avoiding such extensive impairment as might produce spontaneous bleeding. Effective 
therapeutic levels with minima! complications can best be achieved in cooperative and weil-in- 
structed patients, who keep the doctor informed of their status between visits. COUMADIN (crys- 
talline warfarin sodium) patient aids are available to physicians on request. 


The administration and dosage of COUMADIN must be individualized for each patient according 
to the particular patient's sensitivity to the drug as indicated by the prothrombin time. The feces ihe 
bin time reflects the depression of vitamin K dependent Factors VII, X and IL These factors, in 
addition to Factor IX, are affected by coumarin anticoagulants. There are several modifications of 
the Quick one-stage prothrombin time and the physician should become familiar with the specific 
method used in his laboratory. 


Administration of COUMADIN should be gauged according to prothrombin time determinations by 
a suitable method. The blood prothromtin time should usually be determined daily after the admin- 
istration of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin time determinations should be based upon the physician's judg- 
ment of the patient's reliability and response to warfarin in order to maintain the individual within 
the therapeutic range. Acceptable intervals for prothrombin time determinations have usually fallen 
within the range of one to four weeks Satisfactory levels for maintenance of therapeutic anti- 
congulation a0 1% to 2Y2 times the normal prothrombin time (e.g. 18 to 30 seconds, with a control 
of 12 seconds). 


Induction —40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for 
one dose only administered orally, intravenously or intramuscularly. 


Alternatively, the large priming dose may be decreased for all patients to minimize the possibility 
of excessive increases in prothrombin time. Induction may be initiated with 10 to 15 mg daily and 
thereafter (usually 2 or 3 days) adjusted according to prothrombin time response. The basis for 
the no-loading dose regimen is that the depression of Factors Il, IX, and X is not accelerated by 
the administration of a loading dose. 


Maintenance— Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility 
of dosage is provided by breaking scored tablets in half. The individual dose and interval should 
be gauged by the patient's prothrombin response. 


Duration of therapy— The duration of therapy in each patient should be individualized. In general, 
idi therapy should be continued until the danger of thrombosis and embolism has 
passed. 


Treatment during dentistry and surgery— The management of patients who undergo dental and 
surgical procedures requires close liaison between attending physicians. surgeons and dentists. 
Interruption of anticoagulant therapy may precipitate thromboembolism, and conversely, if anti- 
coagulants are maintained at full doses. some patients may hemorrhage excessively. If itis elected 
to administer anticoagulants prior to, during, or immediately following dental or surgical proce- 
dures. itis recommended that the dosage of COUMADIN (crystalline warfarin sodium) be adjusted 
to maintain the prothrombin time at approximately 1Y2 to 2Y2 times the control level. The operative 
site should be sufficiently limited to permit the effective use of local procedures for hemostasis 
including absorbable hemostatic agents. sutures, and pressure dressings if necessary. Under 
these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. 


COUMADIN with Heparin— Since a delay intervenes between the administratior of the initial dose 
and the therapeutic prolongation of prothrombin time, it may be advisable in emergency situations 
to administer sodium heparin initially along with COUMADIN. The initial dose of heparin and 
injectable COUMADIN may be administered together in the same syringe. 


It should be noted that heparin may affect the prothrombin time, and therefore, when patients are 
receiving both heparin and COUMADIN, the blood sample for prothrombin time determination 
should be drawn just prior to the next heparin dosage. at least 5 hours after the last intravenous 
injection or 24 hours after the last subcutaneous injection. 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is 
readily controlled by discontinuing COUMADIN (crystalline warfarin sodium), and if necessary, the 
oral or parenteral administration of vitamin Kı. The appearance of microscopic hematuria, exces- 
sive menstrual bleeding, melena, petechiae or oozing from nicks made while shaving are early 
manifestations of hypoprothrombinemia Deyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN may suffice; and if necessary, small doses of vitamin K: orally, 2.5 to 10 mg, will 
usually correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K; in doses of 5 to 25 mg may 
be gon parenterally. (Please note recommendations accompanying vitamin K preparations prior 
to use. 

Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombi- 
nopenic states unresponsive to vitamin K1. 

Resumption of COUMADIN administration reverses the effect of vitamin Kı, and a therapeutic 
hypoprothrombinemia level can again be obtained. 

SUPPLIED Tablets: COUMADIN (crystalline warfarin sodium, USP). For oral use. single scored, 
imprinted numerically with potency as follows: 2 mg lavender. 2/2 mg orange. 5 mg peach, 7Y2 
mg yellow, 10 mg white. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister 
package of 100. 

Injection: Available as single injection units of amorphous warfarin sodium lyoohilized for intra- 
venous or intramuscular use in a box of 6 units for use immediately after reconst tution. 

50 mg: Unit consists of 1 vial. 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 m3. pH is adjusted 
with sodium hydroxide; accompanied by a 2 ml ampul Sterile Water for Injection. | 

Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for 
intravascular injection without first having been made approximately isotonic by the addition Bf a 
Suitable solute. Use only for reconstitution of the lyophilized product. 

Injection manufactured by Lypho-Med, Inc., Chicago, Illinois 60651 for Endo Laboratories, Inc. 


6037-16 ! Fevised Jan. 1980 
Subsidiary of the DuPont Company D) 
Garden City, New York 11530 TTA 





USA unTEDTWETCA SPI 


ACIE SS Ue 


"le" CON wr oat ata | 3 nly Sh. aus E A " 
Ter Pa. k A = CTETUR vs Y m Ea- h iian tT na « i ex d P 
m, =a v "P TS. ‘| "E D =+ 





SYMPOSIUM: FUTURE DIRECTIONS IN EXERCISE TESTING AND 


EXERCISE ELECTROCARDIOGRAPHY —II 


VICTOR F. FROELICHER, MD, FACC and PAUL L. McHENRY, MD, Guest Editors 


Comparative Sensitivity and Specificity of 
Exercise Electrocardiographic Lead Systems 


BERNARD R. CHAITMAN, MD, FACC 
JOHN S. HANSON, MD* 


Montreal, Quebec, Canada 


From the Department of Medicine, Montreal Heart 
Institute and the University of Montreal Medical 
School, Montreal, Quebec, Canada. This study 
was supported in part by Grant MA 7290 from the 
Medical Research Council of Canada, Ottawa, 
Ontario, Canada and Grant 799-536, from the 
Canadian Heart Foundation, Ottawa, Ontario, 
Canada. 

* Dr. John S. Hanson was a visiting scientist at 
the Montreal Heart Institute, Montreal, Quebec, 
Canada at the time this study was performed. His 
current address is University of Vermont Medical 
School, Burlington, Vermont. Manuscript received 
September 16, 1980; revised manuscript received 
January 5, 1981, accepted January 8, 1981. 

e Address for reprints: Bernard R. Chaitman, MD, 
FACC, Montreal Heart Institute, 5000 East, Be- 
langer Street, Montreal, Quebec H1T 1C8, 
Canada. 





A comparison of current exercise electrocardiographic lead systems 
reveals differences in the sensitivity and specificity of S-T segment shifts 
diagnostic of obstructive coronary artery disease. The differences are 
explained in part by differences in population samples, lead systems and 
criteria for positivity. Multiple electrocardiographic lead recording in 
sy 'nptomatic patients during and after exercise improves sensitivity in 
detecting S-T segment shifts with only a small decrease in specificity. A 
review of population screening studies in asymptomatic subjects shows 
a wide selection of different exercise electrocardiographic lead systems 
and criteria for a positive test. Few screening studies have compared the 
prevalence of different S-T segment configurations in individual leads of 
a simultaneously recorded multiple lead system during or after exer- 
cise. 

Data from animal studies of myocardial ischemia suggest why 100 
percent sensitivity in detecting obstructive coronary disease is unlikely 
to be obtained with surface electrocardiographic recordings. Additional 
research is required to identify the optimal set of diagnostic exercise 
electrocardiographic leads and criteria for positivity so that maximal 
predictive accuracy can be obtained for different patient subsets. 


Exercise stress testing has been extensively reviewed in the last de- 
cade,!-!4 but relatively little attention has been focused on the electro- 
cardiographic lead systems used during exercise. The diagnostic and 
prognostic value of S-T segment shifts can be affected by the lead system 
monitored and the population under study:!^-?? Although physiologic 
variables recorded during and after exercise!?28?9 and multivariate 
discriminant analysis “treadmill scores" are also of diagnostic value, 730-32 
this paper concerns the choice of exercise electrocardiographic lead 
systems and the effect of such systems on the predictive accuracy of 
stress test results. To compare the results of the different studies, a 
sample of the published reports on diagnostic exercise testing is reviewed 
and the sensitivity and specificity of S- T segment shifts for obstructive 
coronary disease are evaluated. 


Sensitivity and Specificity 

The sensitivity of a test for coronary artery disease can be said to de- 
fine the percent of the population with coronary artery disease who have 
a positive test (true positive/(true positive + false negative)) and spec- 
ificity to define the percent of the population without coronary artery 
disease who have a negative test (true negative/(true negative 4- false 
positive)). Once the sensitivity and specificity of the test are known, the 
predictive value of a positive or negative test result can be calculated over 
a wide range of clinical patient subsets using Bayesian theory.33-35 In 
general, the sensitivity and specificity of a test result are not affected 
by the prevalence of coronary disease.? However, in exercise stress 
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TABLE | 
Variables Known to Influence Sensitivity and Specificity of Exercise Testing 


Exercise 
Patients Protocol 
Age Exercise end points 
Sex Patient position 
Drugs Exercise lead system 


Previous myocardial infarction 
Abnormal electrocardiogram at rest 
Degree of angiographic stenosis 


Interobserver 
Variability 


Exercise end points 
Electrocardiographic coding 
Angiographic coding 


Electrocardiographic criteria for positivity 


Extent of coronary artery disease 


testing several variables have been identified that can 
influence the frequency with which S- T segment shifts 
will be recorded (‘Table I). 

Factors affecting sensitivity: The sensitivity of the 
exercise electrocardiogram is increased in patient 
populations with higher grade coronary lesions?? and 
jin populations with more extensive coronary dis- 
ease. !°.16,36-42 Sensitivity is increased when multiple 
electrocardiographic leads are recorded during and after 
exercise!?-1843-5? and when a slow upsloping S-T seg- 
ment depressed 0.2 mV or greater 0.08 second after the 
J point is included among the criteria for positiv- 
ity.1516.53-55 Sensitivity can be increased by 8 to 10 
percent when maximal rather than submaximal exercise 
‘is performed and the criteria for a positive response 
include S- T segment shifts seen during exercise as well 
as after exercise. 104485657 The sensitivity of the exercise 
-electrocardiogram is decreased in patients with a pre- 
vious myocardial infarction, more so when the location 
is anterior than inferior.!^?8 The sensitivity may be 
increased by recording the postexercise electrocardio- 
gram in the supine position although this requires fur- 
ther study.!! 
= Factors affecting specificity: The specificity of 

exercise-induced S-T segment shifts is decreased in 
| patients with an abnormal electrocardiogram at rest? 
_ and in patients who are hypoxic, anemic or taking drugs 
known to alter the electrophysiologic state of the myo- 
 cardium.9?-1? Specificity is increased by more rigid 
electrocardiographic criteria for positivity (for example, 
horizontal or downsloping S- T segment depression of 
0.1 mV or greater 0.08 second after the J point). The 
diagnostic value of S- T segment elevation is reviewed 
elsewhere in this Symposium.?? Interobserver vari- 
ability in the interpretation of electrocardiograms®™ and 
angiographic data16? from different medical centers 
can also alter the reported sensitivity and specificity of 
S-T segment displacement in detecting obstructive 
coronary artery disease. For example, if angiographer 
A consistently overreads the degree of luminal stenosis, 
| the sensitivity of the exercise electrocardiogram will be 
less than expected because S-T segment depression 
more commonly occurs with high grade coronary ste- 
noses. 

Role of electrocardiographic lead system: The 
optimal electrocardiographic lead system to record 
during or after exercise has not yet been identified and 
will clearly depend on the goal of the study. For exam- 


ple, exercise electrocardiographic leads considered 
optimal for diagnostic purposes may be unnecessary and 
not suitable for detection of arrhythmia or evaluation 
of exercise tolerance after aortocoronary bypass surgery. 
Few studies that compare the diagnostic value of exer- 
cise electrocardiographic leads compare the sensitivity 
and specificity of different leads simultaneously re- 
corded during and after exercise and correlate the re- 
sults with those of coronary angiography. The many 
factors that influence the sensitivity and specificity of 
the exercise electrocardiogram make comparison of 
studies difficult if one wishes to examine possible dif- 
ferences due solely to the exercise lead system utilized. 
This review will discuss some of the exercise lead sys- 
tems in current use and compare results with these 
reservations in mind. 


The 12 Lead Electrocardiogram 


Multiple lead electrocardiographic recording during 
exercise is often associated with more motion artifact 
and “noisy” tracings than simple bipolar lead record- 
ings. Technical difficulties in the early 1960s in ob- 
taining clean 12 lead tracings during exercise proved a 
deterrent to most investigators. In an early study, 
Blackburn and Katigbak?! studied the 12 lead electro- 
cardiogram after exercise in 100 men aged 40 to 60 years 
with a positive electrocardiogram and found that lead 
Vs was positive in 89 percent of cases, lead Vg in 70 
percent and lead V, in 53 percent. The electrocardio- 
graphic criteria for positivity in this study were hori- 
zontal or downsloping S- T segment depression of 0.05 
mV or greater or J point depression less than 0.05 mV 
but with a downsloping S-T segment 0.05 mV or more 
from the baseline. 

Several years later, Mason and Likar^! described 
how to record the 12 lead electrocardiogram during 
exercise (Fig. 1). The arm electrodes were placed in the 
infraclavicular fossal medial to the border of the deltoid 
muscle and the left leg electrode in the left anterior 
axillary line, halfway between the costal margin and iliac 
crest. In the original description, the ground was placed 
on the right leg although most investigators now place 
the indifferent electrode in the right anterior axillary 
line at the same level as the left leg electrode. The six 
precordial leads were placed in their standard location. 
The standard 12 lead electrocardiogram was compared 
with the modified 12 lead exercise electrocardiogram 
in 19 patients. The mean R/S amplitude was increased 
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approximately 10 to 20 percent in leads II, III, V5, was 
relatively unchanged in leads V3, V4 and Vg and was 
approximately 20 percent less in leads I and aVL (Fig. 
2). 

Phibbs and Buckels*4 compared the relative fre- 
quency of S-T segment shifts among the different leads 
of the 12 lead exercise electrocardiogram in 947 patients, 
147 of whom had a positive test (horizontal or down- 
sloping S-T depression of 0.1 mV or greater for 0.08 
second). Thirty-eight (21 percent) exhibited S-T de- 
pression in leads other than lead V5, 13 percent in leads 
II, III, aVF, 3 percent in lead V, 2 percent in lead V4, 
and less than 1 percent in other leads. In the early 
studies, angiographic-electrocardiographic correlations 
were not available and the true sensitivity and speci- 


ficity for obstructive coronary disease could not be de- 
fined. 


Angiographic-Electrocardiographic Correlations 


Early studies: Mason and Likar and co-workers4? 
later reported a sensitivity of 78 percent and specificity 
of 89 percent for the 12 lead exercise electrocardiogram 
in detecting coronary stenosis of 50 percent or greater 
in 84 patients. Recording the electrocardiogram during 
exercise increased sensitivity by 9 percent. Among 56 
patients with a positive test, the test was positive in 6 
only during exercise, in 23 only after exercise and in 27 
both during and after exercise. Leads I and Va-Vg were 
positive in 30 patients, leads II, III, aVF in 8 patients 
and combined patterns were present in 18 patients. 
Nineteen patients showed a positive test in one lead 
only; in 17 of these the test was positive in leads other 
than lead V5 (that is, sensitivity was increased by re- 
cording 12 leads rather than a single lead V5). Lead Ve 
was most often positive, followed by leads Vs, V4, II, III, 
V3 and I. In five similar studies correlating angiographic 
and exercise test data, the sensitivity was increased by 
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FIGURE 1. The Mason-Likar system for exercise electrocardiographic 
leads. RA, right arm; LA, left arm; RL, right iliac crest and LL, left ilial 
crest. (Reprinted from Froelicher et al.®” with permission from The 
American College of Chest Physicians.) 





4, 14, 18, 20 and 22 percent, respectively, when all 12 
leads were recorded rather than lead V; alone.154446,49,52 
Clearly, additional information is obtained and sensi- 
tivity is increased when the full 12 lead electrocardio- 
gram is recorded during exercise and in the recovery 
period. Specificity is decreased slightly (5 to 8 percent) 
by recording the additional leads!*; most false positive 
responses occur in the inferior leads.!! 

Kleiner et al.® caution against using the modified 
Mason-Likar 12 lead exercise electrocardiogram as the 
standard baseline resting electrocardiogram. In a study 
comparing the modified exercise with the standard 
resting electrocardiogram in 75 patients they found that 
the modified resting electrocardiogram manifested a 
rightward axis shift of 30? or more in 50 patients, new 
Q waves in lead aVL in 11 patients and disappearance 
of Q waves in leads II, III, aVF in 7 of 17 patients with 
an old inferior wall myocardial infarction. 

Later studies: Since the previously mentioned pi- 
oneer studies, many other investigators have confirmed 
the diagnostic value of 12 lead exercise electrocardio- 
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FIGURE 2. The standard 12 lead electrocardiogram (left strip of each 
lead) compared with the modified 12 lead electrocardigram (right strip 
of each lead) of Mason-Likar. 
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graphic recording with sensitivity levels ranging from 
0.53 to 0.86 and specificity levels ranging from 0.67 to 
0.97 (Table II).16:25.31,27,59,46,48,50,64 The sensitivity levels 
range from 25 to 71 percent for single vessel disease, 38 
to 88 percent for two vessel disease and 78 to 97 percent 
for three vessel disease.16:2597,29.46 The lesser sensitivity 
observed by Bartel et al.?? and McNeer et al.94 from the 
same medical center most likely results from the in- 
clusion of patients with myocardial infarction, 41 per- 
cent of the total population. The lesser specificity ob- 
served in the latter four studies compared with the 
former five studies is not easily explained. The speci- 
ficity of individual leads is often not reported and the 
number of patients with normal coronary arteries is 
often small. In the study of Berman et al.?! inclusion of 
the slow upsloping S-T segment depressed 0.1 mV or 
greater at 0.08 second after the J point in any lead may 
have increased sensitivity at the expense of decreased 
specificity. In populations with a high disease preva- 
lence, this may not be a problem because maximal 
sensitivity is required and false positive tests are rela- 
tively uncommon. When disease prevalence is low, 
maximal specificity is desired and the slow upsloping 
S-T segment 0.1 mV or greater 0.08 second after the J 
point in any lead during or after exercise may decrease 
specificity (that is, result in more false positive tests). 

Prognostic value: The prognostic value of 12 lead 
electrocardiographic recording after a Master two-step 
test has been well documented!?-2165.66: McNeer et al.®4 
discussed the prognostic aspect of 12 lead recording 
during or after treadmill exercise and identified patient 
subgroups at low and high risk of future coronary 
events. However, they did not discuss in detail the 
prognostic value of the individual leads or combinations 
thereof and criteria for positivity during and after ex- 
ercise. 


Bipolar Exercise Electrocardiographic 
Lead Systems 


Bipolar exercise lead systems are relatively simple to 
record, require less time to apply electrodes than mul- 
tiple leads and produce less noise artifact. Many North 
American medical centers employ one or several bipolar 
lead combinations during and after exercise for these 
reasons (Fig. 3). One of the most detailed studies eval- 
uating the frequency with which S- T segment shifts are 
seen in different lead combinations was reported by 
Blackburn et al.*? They measured R wave amplitude, 
J point depression and amplitude of the maximal S-T 
segment depression in each of 43 leads recorded during 
two levels of treadmill exercise in 22 men. The three 
most sensitive individual leads for detecting 0.05 mV 
or greater of horizontal or downsloping S-T segment 
depression were leads L5 (E-E-P)*° (77.3 percent), CM5 
(63.6 percent) and CH, (59.1 percent). Leads CC5, CB; 
and CS; detected 40.9, 9.1 and 31.6 percent, respec- 
tively, of the “ischemic” S- T segment shifts. Leads CM5 
and Ls were not dependent on the QRS frontal axis 
Whereas lead CC; was somewhat less sensitive when the 
axis was vertical. When groups of leads were studied, all 
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FIGURE 3. Negative references for the most commonly used bipok 
lead systems. The letters stand for the second prefix and the positive 
reference (Cs) is at the level of the fifth intercostal space in the le 
anterior axillary line (that is, CHs, CSs, CMs, CRs, CXs, CCs and CBs), 
The positive reference for inferior lead ML is L.'* (Reprinted fron 
Froelicher et al.,9" with permission from The American College of 
Physicians.) 


subjects with 0.05 mV or greater of horizontal or 
downsloping S-T segment depression were detected in 
L4 to Lg compared with 87.5 percent in leads CM, to 
CM,, 81.8 percent in leads CC, to CC, 40 percent in 
leads CS4 to CSg and 20 percent in leads CB, to CBg. 

Froelicher et al.®’ studied computer-derived depth 
of S-T segment depression and slope in simultaneously 
recorded leads CC5, CMs and V5 in 27 men who un- 
derwent maximal treadmill stress testing. The mean R 
wave amplitude, J point depression and S- T segment 
slope was greatest in lead CMs, followed by leads CC; 
and Vs, confirming the observations of Blackburn et al. 
Froelicher et al. found less horizontal and downsloping 
S-T segment depression in lead CM; than in leads CC5 
and Vs and speculated that a slow upsloping S-T seg- 
ment may be an ischemic response in lead CM;, because 
0.1 mV or more of horizontal or downsloping S-T de- 
pression was occasionally recorded in lead CC; or Vs. — 

Holmgren and Strandell® compared leads CH and 
CR in 265 patients undergoing bicycle ergometric stress 
testing and found no significant differences in the de- 
tection of S- T depression in the majority of subjects. 
Differences were occasionally found in subjects with 
marked left or right axis deviation. Hornsten and 
Bruce? compared lead CB; with Frank X, Y, Z orthog- 
onal leads in 36 subjects undergoing treadmill stress 
tests and found lead CBs to be as reliable as the more 
complex Frank X, Y, Z lead system. In the early stud- 
ies1?68.69 cited, angiographic-electrocardiographic: 
correlations were not available and the true sensitivity 
and specificity for obstructive coronary disease could. 
not be defined. 
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Angiographic-Electrocardiographic Correlations 


In a recent review of 10 studies using six different 
bipolar electrocardiographic leads, the sensitivity and 
specificity for obstructive coronary artery disease 
ranged from 56 to 81 and from 72 to 96 percent, re- 
spectively (‘Table III).16:40-42,55,57,7073 The sensitivity 
for one, two and three vessel disease ranged from 40 to 
M, 63 to 91, and 79 to 100 percent, respectively.16:40- 
4 


Sensitivity: In the studies of McHenry et al.4° and 
Ascoop et al.’° on- and off-line computer electrocar- 
diographic processing was used and specificity was 
higher than in most of the other studies. The sensitivity 
observed by McHenry et al.*° using an isolated lead CC; 
is somewhat higher than would be expected from the 
other studies. The sensitivity may have been augmented 
by the use of computer electrocardiographic processing 
and criteria for positivity as well as the definition of 75 
percent luminal narrowing required for obstructive 
coronary disease. When McHenry et al.*° analyzed the 
exercise electrocardiogram visually in the same patient 
population and compared conventional criteria of 0.1 
mV or greater horizontal or downsloping S- T segment 
depression to computer-derived electrocardiographic 
criteria, the sensitivity decreased to 63 percent.!? The 
low sensitivity observed by Ascoop et al."? probably 
reflects patient selection because most of the 147 pa- 
tients with suspected coronary artery disease were re- 
ferred to them for a second stress test after a negative 
test in a peripheral center. T'he somewhat lower sensi- 
tivity levels observed by Keleman et al.” and Gold- 
schlager et al.4? compared with levels observed by other 
investigators may reflect the lead system recorded 
during and after exércise (leads CB5 and CSs, respec- 
tively) or the patient population, which in both studies 
contained a relatively high percentage of patients with 
previous infarction. 

Diagnostic and prognostic value of upsloping S-T 
depression: The slow upsloping S-T segment of 0.2 mV 
or greater 0.08 second after the J point that occurs 
during or after exercise in leads CM; and CC; has been 
studied in detail with coronary angiographic correla- 
tions.!°-16.53-55 This type of electrocardiographic pattern 
may be the only S-T segment response in patients with 
known coronary artery disease when single leads are 
recorded. In our experience with 15 lead exercise re- 
cordings, it is not uncommon to observe a slow upslop- 
ing S-T segment in one lead and 0.1 mV or greater 
horizontal or downsloping S-T depression in other 
leads!*-!” (Fig. 4). Goldschlager et al.42 found decreased 
specificity by including upsloping S-T segment de- 
pression 0.15 mV or greater 0.08 second after the J point 
in lead CS5 and they concluded that the lower specificity 
of this finding may limit its diagnostic value compared 
with the classic criterion of horizontal or downsloping 
S-T depression of 0.1 mV or greater. This could be true 
for lead CS5 but not necessarily true for bipolar leads 
ÇC; and CMs. 

Several studies have shown that upsloping S-T de- 
pression of 0.15 or 0.20 mV 0.08 second after the J point 
in lead CC; or CMs is diagnostic of obstructive coronary 
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FIGURE 4. Upsloping S-T segment depression in lead CCs, horizonta 
S-T segment depression in lead CMs and downsloping S-T segment 
depression in lead ML in a 52 year old man with coronary stenosis ol 
70 percent or greater luminal narrowing in two vessels and a normal 
left ventricular contraction pattern at rest. 


artery disease and is of prognostic value.!5-17.53-56 Tn a 
study by Stuart and Ellestad,?? 70 patients who had 
upsloping S- T segment depression of 0.2 mV or greater 
0.08 second after the J point after exercise underwent 
coronary angiography; 83 percent had obstructive cor- 
onary disease of 50 percent or greater luminal narrow- 
ing, and 57 percent had multivessel disease. Kurita et 
al.°4 obtained similar results using lead CM; and the 
same electrocardiographic criterion during or after ex- 
ercise. Of 35 patients studied, 33 (94 percent) had cor- 
onary stenosis of 50 percent or greater and 21 (60 per- 
cent) had multivessel disease. Finally, Rijneke et al.55 
used leads CM; and CC; and found obstructive coro- 
nary disease of 70 percent or greater in 95 percent of 56 
patients who had a slow upsloping S-T segment de- 
pressed 0.2 mV or greater 0.08 second after the J point. 
The prognostic importance of this electrocardiographic 
criterion in lead CM; was documented by Stuart and 
Ellestad.9? The 6 year rate of coronary events (unstable 
angina, infarction or death) was 54 percent in 124 pa- 
tients who had this electrocardiographic pattern after 
exercise, virtually identical to results obtained by the 
same investigators in 230 patients who had horizontal 
S-T segment depression of 0.2 mV or greater 0.08 second 
after the J point. 

The data from these studies suggest a diagnostic 
continuum of risk for obstructive coronary disease in 
symptomatic patients who have a slow upsloping S- T 
segment depressed 0.15 or 0.20 mV or greater 0.08 
second after the J point, and that the risk may be dif- 
ferent for different exercise electrocardiographic leads. 
'The predictive accuracy of the slow upsloping criterion 
in clinical patient subsets will be affected by the pretest 
likelihood of coronary disease. 

Simultaneous CM; and CC; versus 12 lead re- 
cording: The sensitivity of simultaneously recorded 
leads CM; and CC; is greater than for either lead alone, 
and there is no significant decrease in specificity.!5:5» 
Of 66 men with obstructive coronary disease we!® 
studied, 52 had a positive test in leads CC5, CMs, ML. 
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FIGURE 5. An uncommon example where lead V4 showed the maximal 
S-T segment abnormalities during the exercise test even though lead 
CMs had larger R wave amplitude. (Reprinted from Chaitman et al. 15, 
with permission of the American Heart Association, Inc.) 


Lead CM; was positive in nine patients, lead CC; pos- 
itive in seven patients and lead ML positive in one pa- 
tient, when both other leads were negative. Occasion- 
ally, the standard 12 lead electrocardiogram was positive 
when the bipolar leads were negative and vice versa. 
Among the same 66 patients, we observed a positive 
response in the standard 12 lead electrocardiogram in 
6 patients when leads CC5, CM;, ML were negative (Fig. 


# C.B. 75405-5 
rest exercise 


5), and leads CC5, CMs, ML were positive in 8 patients 
when the 12 lead electrocardiogram was negative. 


Clinical Applications 


The patient populations who will most benefit from 
multiple lead recordings during exercise are still being 
studied. In men with definite and probable angina 
pectoris or men in the postinfarction state, the number 
of positive electrocardiographic leads recorded during 
or after exercise can be used to predict multivessel 
coronary disease.!9.!7 The depth and configuration of 
the S-T segment shift can also be used to predict se- 
verity of disease (Fig. 6).16.174256 Unfortunately, there 
are few studies that compare combinations of ischemic 
S-T segment shifts in multiple exercise leads with re- 
sults obtained at coronary angiography. For example, 
does 0.2 mV of horizontal S-T depression in lead CC; 
and 0.5 mV of downsloping S-T depression in lead CM; 
have the same diagnostic and prognostic significance 
as 0.2 mV of horizontal S-T depression in both leads? 
(Fig. 7). Studies of this kind could provide important 
information and are needed. 

From a clinical standpoint and available data, it 
appears that patients with a high probability of coro- 
nary artery disease referred for diagnostic stress testing 
(for example, men and women with definite angina, men 
with probable angina, patients in a postinfarction state) 
should have a minimum of two and preferably three 
bipolar electrocardiographic leads or a full 12 lead 
electrocardiogram recorded during and after exer- 
cise.!5-18 If the exercise recording is negative, repeat 





FIGURE 6. A strongly positive test in a 47 year old man with definite angina. This type of electrocardiographic pattern with five or more leads positive 
and profound S-T segment depression is almost always associated with multivessel disease in a high risk patient subset even when the patterfi 
appears in Bruce stage lll or more. The major S-T segment shifts are in the anterolateral leads even though the coronary angiogram revealed an 
occluded dominant right, 60 percent stenosis of the middle left anterior descending and 70 percent stenosis of the proximal left circumflex coronary 
artery. The exercise thallium scan showed a reversible inferoapical perfusion defect. 


1342 June 1981 The American Journal of CARDIOLOGY Volume 47 





Effort F.P. £28 


E 

B 
ie 
LA 


V 


ney — 
ee eee 
== 





28 ans D 
AMD 





EXERCISE |. ELECTROCARDIOGRAPHIC LEADS—CHAITMAN AND e 





| EET 





FIGURE 7. Exercise electrocardiogram of a 28 year old man with three vessel coronary stenosis of 70 percent or greater cin narrowing 
electrocardiogram at rest is shown in Figure 2. During exercise, leads Il, IIl, Vg and ML show downsloping S-T segment depression, leads aVF, Vs 
CC; and CMs horizontal S-T depression, and leads V3 and V4 a slow upsloping S-T segment. If the criterion used to predict disease severity was 
the depth or configuration of S-T depression, the lead recorded could clearly play a crucial role. 


stress testing with the standard 12 lead electrocardio- 
gram and three bipolar leads in conjunction with thal- 
lium-201 studies or radionuclide ventriculographic 
study during exercise would be a reasonable alternative 
if the indications for coronary angiography had not al- 
ready been decided. In populations with a low disease 
prevalence (asymptomatic subjects or patients with 
nonspecific chest pain, for example), the predictive 
accuracy of S-T segment shifts for obstructive coronary 
disease may be limited and the optimal exercise lead 
configuration or configurations and criteria for posi- 
tivity require further study. 


Exercise Electrocardiographic Lead Systems 
Used in Population Screening 


Prevalence of S-T Segment Depression 


The frequency with which exercise-induced S-T 
segment depression is observed in asymptomatic pop- 
ulations varies with the definition of asymptomatic, the 
exercise work load performed, the age of the population, 
the country the study is performed in and the lead 
system and criteria for positivity utilized. In general, 
exercise-induced S-T segment depression increases with 
age??74-76 and maximal work loads7477 and is more 
common in young and middle-aged women than in 
men./979 The results of 10 screening studies in 
men??/74-77,80-84 and 7 studies in women78-81,83,85,86 are 
illustrated in Tables IV and V. The studies show a wide 
range of observed S- T segment shifts; it is rare to find 
two groups that use the same exercise and postexercise 
lead system and criteria for positivity. 

At first glance at Tables IV and V the frequency. of 
S-T segment shifts detected by the different exercise 
and postexercise electrocardiographic lead systems 
appears to be unchanged by the addition of multiple 


leads. However, no definite conclusions can be drawr 
until epidemiologic studies are performed that compare 
the same exercise lead systems and criteria for positivity 
in the same asymptomatic subjects. Computer elec- 
trocardiographic processing using different simulta: 
neously recorded lead systems and criteria during oi 
after exercise could provide much needed informatior 
on the relative differences in prevalence of S- T segment 
shifts in asymptomatic men and women. This type o: 
methodologic study could help explain some of the 
variability in risk ratios* published for asymptomati 
subjects.!?6 At present, few studies report the risk ratio: 
in terms of specific electrocardiographic leads. 


Angiographic-Electrocardiographic Correlations in 
Asymptomatic Subjects 


The predictive value of exercise-induced S- T segmen 
shifts in asymptomatic subjects has been evaluated wit! 
coronary angiography. Although these studies have no 
been performed in asymptomatic women, three inves 
tigators?98457 have performed coronary angiography 
in asymptomatic men and found that S- T segment de 
pression had a low predictive value for identifying ob 
structive coronary disease. Froelicher et al.” studied 7t 
asymptomatic crewmen between 25 and 55 years, 58 o 
whom had an abnormal baseline electrocardiogram. / 
test was considered positive if 0.1 mV or greater o 
horizontal or downsloping S- T segment depression oc 
curred during or after exercise in lead CC;, CM6 or : 
bipolar inferior lead or in lead I, IT, aVF, V2 or Vs, lead: 
that were also récorded in the supine position after ex 
ercise. Coronary arterial luminal narrowing of 50 per 
cent or greater was present in only 43 percent of the mer 


* Risk ratio = percent of subjects with abnormal test result in whon 
coronary disease develops/percent of subjects with normal test resul 
in whom coronary disease develops. 
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TABLE IV 


Prevalence of Exercise-Induced S-T Segment Depression in “Asymptomatic” Men 


Reference 
(first 
author) 


Lepeschkin®° 


James?! 


Doan’4 


Bruce® 


Lester’’ 


Cumming"? 


Kattus’® 


Froelicher?? 


Astrand?? 


Erikssen?^ 


Age 
(yr) 


Patient Characteristics 


19-56+ Summer students 


5-33 


35-82 


45 


40-75 


40-65 


23-82 


20-55 


40-63 


40-59 


at U of Vermont 
with normal rest 
ECG 


Asymptomatic 
normal BP, rest 
ECG and lipids 


Seattle YMCA 
normal 
asymptomatic 
lipids not 
measured 


Seattle Heart 
Watch 


13 abnormal ECG 
at rest, 3 
hypertensive 


Asymptomatic 
white and blue 
collar workers in 
Winnipeg 


78 hypertensive; 
57 hyper- 
cholesterolemic; 
21 abnormal 
ECG at rest 


710 normal; 123 
hypertensive; 
186 abnormal 
baseline 
ECG 


Middle-aged men 
in Stockholm 


23 patients had 
definite angina 


Lead 
System 
Utilized 


1, Il, Il, aVF, V4, 
Vo, V4, Ve 


12, XYZ 


CBs 


CBs 


CBs during and 
postexercise 12 
lead at 2 min 
postexercise 


CMs 


COs 


CCs during and 
postexercise; 
I, Il, aVF, 

Vo, Vs 
postexercise 


CH2, CH4, CHs, 
CH;, during 
and postexercise; 
1, H, HI 
postexercise 


CH, CH3, 
CH4-CH; 
during and 
postexercise; 12 
standard leads 2, 
3, 5 min 
postexercise 











Criteria for 
Positive Test 


Isoelectric or 
inverted T wave 
or S-T 2.05mV H 
or D in I, Il, 

Va, Ve 
postexercise; 
multiple 
ectopic 
beats 


Zz0.1mV H or 
D for 60 ms 


=0.1mV Hor D 


>0.1mV for 
60 ms 


20.1mV Hor D 
in any lead 
during or 
postexercise 


20.1mV Hor D 
z0.2mV 
J point and 
S-T 20.1mV 
if upsloping; 
=0.1mV 
over control 
if S-T abnormal 
at rest 


20.1mV Hor D 
during or 
postexercise 


Zz0.1mV H or D 
during or 
postexercise in 
any lead i 


20.05mV H or D 
<0.05mV 
J point but 
S-T 20.05mV 
from baseline 
3 min 
postexercise 


>0.15mV 0.08 s 
after J point 
in CH2-CH7 
or 20.1mV 
I, Il, aVL, 
aVF, V5-V; or 
=0.15mV over 
control if S-T 
abnormal 
at rest 


BP = blood pressure; ECG = electrocardiogram; other abbreviations as before. 


Exercise 
Protocol 
(96 maximal 
predicted 
heart rate) 


Double 2 step; 
supine 
postexercise 


Bicycle 
ergometer, 
supine 
postexercise 


Multistage 
treadmill, 
sitting 
postexercise 


Multistage 
treadmill, 
sitting 
postexercise 


Multistage 
treadmill, 
sitting 
postexercise 


Bicycle 
ergometer, 
supine 
postexercise 


Multistage 
treadmill, 
285% 


Multistage 
treadmill, 
supine 
postexercise 


Bicycle 
ergometer, 
supine 
postexercise 


Bicycle 
ergometer, 
supine 
postexercise, 
290% 


100 


90 


201 


1275 


114 


510 


314 


1390 


204 


2014 


Prevalence of 
Exercise- 
Induced 
S-T Segment 
Depression 


5 96 


9% 


9%; 0% in 170 
men <35 years 


15% for 20.1mV H 
or D for 60 ms; 
28% for 20.1mV 
H or D for 60 ms 
and upsloping 
Z0.1mV at 60 ms 


4% 


40-45 yr 496; 
50-60 yr 2096; 
61-65 yr 37%; 
total 12% 


<40 yr 0; 40-49 yr 
5%; 50-59 yr 
11%; 60-69 yr 
23%; 70-79 yr 
28%; total 10% 


20-29 yr 3.2%; 
30-39 yr 5.5%; 


40-54 yr 17.6%; 
total 10% 


6% 


8% 
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| 
with a positive test; the figure was 0 percent in 6 men 
aged 25 to 34 years, 33 percent in 40 men aged 35 to 44 
years and 67 percent in 30 men aged 45 to 55 years. 
= Erikssen et al. studied with coronary angiography 
05 Norwegian men, 85 of whom had a positive elec- 
trocardiogram during or after exercise. A positive 
electrocardiogram during or after exercise in any of the 
ecorded 18 leads had a predictive value for obstructive 
coronary disease of 50 percent or greater luminal nar- 
rowing of 64 percent in the 69 patients with a slow up- 
sloping pattern and 75 percent in the 16 patients with 
horizontal or downsloping S-T segment depression. 
When only electrocardiographic changes after exercise 
were studied, the slow upsloping pattern predicted 
Coronary disease in 55 percent (26 of 47) of patients 
compared with 78 percent (25 of 32) when the S-T seg- 
ent was horizontal or downsloping (p <0.01). The 
Bredictive value of S-T segment shifts is similar to that 
us by Froelicher et al.?6 after adjustment for age 








77 percent of the patients of Erikssen et al. were 50 

ears or older). Finally, Borer et al.’ used lead CM; and 
a bipolar inferior lead to study 30 asymptomatic 
subjects between 21 and 55 years with type II hyper- 
lipoproteinemia. The predictive value of horizontal or 
downsloping S-T segment depression of 0.1 mV or 
greater was 37 percent for obstructive coronary disease 
of 50 percent or greater luminal narrowing. 
. The results of the three studies in asymptomatic 
men were recently discussed using Bayesian theory ?334 
and can be explained by the fact that S-T segment 
displacement during or after exercise is not 100 percent 
sensitive or specific for obstructive coronary disease. 
'The predictive value of the different exercise electro- 
cardiographic lead systems in patients after infarction!? 
is discussed elsewhere in this Symposium®® as is pre- 
cordial S-T segment mapping and spatial electrocar- 
diography during exercise.®9 


Theoretical Considerations 


With the multitude of exercise electrocardiographic 
lead systems previously and currently used, one might 
hope that 100 percent sensitivity in detecting myocar- 
dial ischemia could be obtained. The detection of 
myocardial ischemia provoked during maximal exercise 
is dependent on the extent and severity of obstructive 
coronary disease, collateral blood flow, duration of 
ischemia, pharmacologic or hemodynamic interventions 
and other interrelated variables in addition to the ex- 
ercise lead system monitored. 

After experimental coronary ligation in dogs, S-T 
segment elevation is usually recorded in unipolar elec- 
trocardiographic leads over the center of the cyanotic 
area, preceded by regional contraction abnormali- 
ties. 99-109 The degree of S- T elevation increases with 
time and S-T elevation of lesser degrees can be recorded 
in adjacent ischemic myocardium.9193969399 [n non- 
schemic myocardium bordering the cyanotic zone, 
soelectric S- T segments are observed, whereas recip- 
'ocal S-T segment depression can be recorded in uni- 
»olar epicardial leads taken from the opposite side of 
che heart.?!?? The degree and extent of S- T segment 
lisplacement is related to coronary blood flow and can 
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be altered with hemodynamic or pharmacologic inter- 
ventions.94:99,101,104,107-114 

Epicardial versus endocardial leads: Guyton et 
al.!°9 described a model of partial thickness ischemia 
in foxhound myocardium and measured coronary blood 
flow by radionuclide techniques. Subendocardial blood 
flow was reduced to 25 percent of normal by coronary 
stenosis and tachycardia, while subepicardial flow re- 
mained normal. The S-T segment shifts were simulta- 
neously recorded in six sets of paired epicardial and 
subendocardial electrodes. Epicardial S-T depression 
indicated reciprocal subendocardial S-T elevation as 
long as a layer of nonischemic epicardial muscle was 
present. S-T depression was associated with normal 
epicardial blood flow, decreased blood flow to the deeper 
myocardial layers and a normal histologic examination 
of the epicardium at autopsy. When the epicardium was 
also rendered ischemic, epicardial S- T segment eleva- 
tion occurred. 

Epicardial S- T segment shifts are not always recorded 
over ischemic myocardium and at times can be detected 
only using intramyocardial plunge electrodes.98.100 


‘Occasionally, S- T segment depression is recorded with 


unipolar epicardial electrodes bordering an ischemic 
zone, and reciprocal S-T segment elevation with op- 
posing endocardial electrodes cannot be recorded. If a 
small amount of ischemic myocardium cannot be de- 
tected with direct epicardial electrocardiographic re- 
cording, it is unlikely to be registered using surface 
leads. 

Epicardial versus precordial leads: The S-T seg- 
ment displacement recorded over ischemic myocardium 
is greater in epicardial than in precordial leads.!!? The 
boundary of ischemic myocardium can be delineated 
more precisely using epicardial leads. During exercise, 
multiple ischemic areas can result in patients with ex- 
tensive coronary artery disease, creating electrophysi- 
ologic gradients of different degree. Cancellation of 
electrical forces may result with some precordial elec- 
trodes registering no S- T segment shifts even though 
multiple areas of ischemia are present. 

Mechanisms of S-T displacement: The experi- 
mental data currently available show that S- T segment 
displacement is greatly influenced by the degree of 
myocardial ischemia, the location of the recording 
electrode and the presence of single or multiple ischemic 
area. The geometric shape and size of the ischemic re- 
gion and the way the ionic current flow is propagated 
across excitable cell membranes, cell aggregates and 
through the body volume conducter and boundaries are 
all factors that may influence the degree of S- T segment 
displacement. Solid angle theory explains in part some 
of the mechanisms whereby epicardial recordings are 
reflected in the surface electrocardiogram. !10-112 


Conclusions 


The sensitivity and specificity of single and multiple 
exercise electrocardiographic lead systems have been 
extensively reported.!5-18,23-26,30-32,36-58 Most investi- 
gators have used standard electrocardiographic criteria 
for a “positive” test to compare their data with those of 





other studies, that is, horizontal or downsloping S-T 
segment depression of 0.1 mV or greater 0.08 second 
after the J point. However, there are few studies that 
compare multiple electrocardiographic criteria collected 
during and after exercise in various exercise electro- 
cardiographic leads with coronary angiographic find- 
ings. 'T'his type of data may be difficult to obtain without 
the assistance of a computer both for electrocardio- 
graphic signal analysis and subsequent data processing. 
The amount of electrocardiographic data collected 
during a stress test is voluminous especially when 
multiple leads are recorded during and after exercise. 

Computer analysis of the exercise electrocardiogram 
may become indispensable in evaluating new criteria 
for positivity in individual leads during or after exercise 
in large numbers of patients. R wave criteria,!^-1!7 U 
wave inversion,!!? the ratio of S- T segment depression 
to total QRS amplitude or R wave voltage,!? ST-T ra- 
tios,! 1? S-T segment indexes, *97? slow upsloping S-T 
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segments depressed more than 0.05 to 0.2 mV 0.08 sec- 

ond after the J point either during or after exer- 

cise,15.16,53-55 changes in the configurations of the S-T 
segment from maximal exercise to the recovery period. 
in the multiple leads, and so forth are almost impossible. 
to analyze by hand. New computer programs are being. 
developed that will evaluate electrocardiographic cri- 
teria and perhaps maximize the sensitivity and speci- 
ficity of exercise-induced electrocardiographic changes 
for coronary and multivessel coronary artery dis- 
ease. 19.120 The new computerized exercise electrocar- 
diographic criteria will require validation in large pa- 
tient populations undergoing coronary angiography to 
evaluate the diagnostic value of the electrocardiographic 
abnormalities in different patient subsets. À multi- 
variate analysis will most likely need to be incorporated 
into the computer program to allow post-test proba- 

bility statements based on the pretest likelihood of 
coronary disease. | 
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S-T Segment Elevation and Coronary Spasm in 


The prevalence rate of exercise-induced S-T segment elevation of 0.1 
mV or greater in symptomatic patients is 3.0 to 6.5 percent in most studies. 
S-T segment elevation is associated with a more severe degree of myo- 
cardial ischemia than depression and frequently implies a high grade 
coronary stenosis in the vessel that supplies the site of ischemia. Leads 
V4 to Vg and bipolar lead CM; have been found to be relatively insensitive 
in detecting exercise-induced S-T segment elevation. 

The pathogenesis of S-T segment elevation is different in three clinical 
patient subsets reviewed. In patients after infarction, the largest of the 
three subgroups, exercise-induced S-T segment elevation usually appears 
in leads with Q waves, is more common after anterior myocardial in- 
farction and implies underlying akinetic or dyskinetic wall motion. Of 
patients with variant angina, 10 to 30 percent have during exercise S-T 
segment elevation that is most likely provoked by coronary arterial spasm. 
The natural history of variant angina is cyclic, and clinical observations 
and laboratory findings are dependent on particular phases in the disease 
process and treatment. Finally, 0.2 to 1.7 percent of symptomatic patients 
without infarction or variant angina have exercise-induced S-T segment 
elevation. Although most of the latter have fixed high grade coronary 
arterial stenoses at angiography, the exact pathogenetic mechanism of 
S-T segment shift in this patient group is not yet fully understood. 


S-T segment elevation is a relatively specific electrocardiographic sign 
that suggests subepicardial injury. When it is caused by acute pericarditis 
the direction of the S-T vector is usually inferior, leftward and slightly 
anterior.' When it is caused by acute transmural myocardial ischemia 
the S-T vector points toward the involved region.? If the amplitude of 
the S-T vector is large enough and if recording electrodes are placed 
opposite the site of S-T elevation, reciprocal S-T depression may be 
recorded. 

S- T segment elevation may occur transiently when transmural myo- 
cardial ischemia is intermittent, for example, in variant angina.? Al- 
though transient Q waves have been recorded during attacks of variant 
angina,* the appearance of Q waves usually confirms that myocardial 
ischemia has caused transmural myocardial necrosis. S- T segment ele- 
vation often persists for weeks, months or even years after acute myo- 
cardial infarction without evidence of continuing transmural ischemia. 
This electrocardiographic sign was recognized many years ago to cor- 
relate with the presence of left ventricular aneurysm?-7; however, the 
actual mechanism accounting for S- T elevation under these circum- 
stances has never been satisfactorily explained. 

S-T segment elevation implies a more severe degree of myocardial 
ischemia than S-T depression.?-!? In animal experiments, S-T depression 
correlates with nontransmural, subendocardial ischemia. Further de- 
creases in regional coronary flow converting subendocardial to 
transmural ischemia also convert S-T depression to S-T elevation.!? S-T 
segment shifts in the surface electrocardiogram are often a less sensitive 
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indicator of myocardial ischemia than are S-T shifts in 
direct epicardial recordings and may be absent even 
when functional and metabolic indicators of ischemia 
and regional hypoperfusion are present.!!)!2 Coronary 
arterial spasm may cause either S- T depression or ele- 
vation, depending on the severity of coronary flow re- 
duction.!? Interestingly, S-T depression rarely precedes 
S-T elevation during attacks of variant angina, 
suggesting that ischemia is transmural at its onset and 
that severe spasm appears abruptly. The foregoing 
considerations are pertinent to the following discussion 
of S-T elevation occurring during exercise testing. 


Prevalence of S-T Elevation During Exercise 


Table I lists the incidence of exercise-induced S-T 
segment elevation in nine different studies. Of 1,275 
healthy men studied by Bruce et al.,!4 0.5 percent had 
this finding. The range in most studies of symptomatic 
patients with suspected or known coronary disease was 
between 3.0 and 6.5 percent.!^-?? Obviously, the com- 
position of the patient population under study will 
greatly affect the incidence of exercise-induced S-T 
elevation. A large proportion of patients with previous 
infarction or variant angina will result in an increase and 
a large proportion of normal patients, as reported by 
Bruce et al.!4 will result in a decrease in the incidence 
of S-T elevation during exercise. In addition, the inci- 
dence of this finding will vary with the number of elec- 
trocardiographic leads monitored during exercise.?? For 
example, Figure 1 illustrates the 15 lead electrocardio- 
gram during exercise in a patient with variant angina. 
If only lead V5 were monitored, minimal upsloping S-T 
depression would have been detected; however, marked 
S-T elevation is simultaneously present in the inferior 


FIGURE 1. Exercise-induced S-T segment 
elevation in a 53 year old man with active 
variant angina. Marked S-T elevation in 
leads II (2), Ill (3), aVF and ML produced 
reciprocal S-T depression in leads |, aVL 
and V 4, and Vo. Leads V4 to Vg show junc- 
tional depression with an upsloping S-T 
segment, and lead CMs, shows minimal 
S-T elevation. The exercise thallium-201 
scan showed a reversible perfusion defect 
of the inferior wall. (Reprinted from Waters 
et al.?? with permission from the American 
Heart Association Inc.) 
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TABLE | 


Prevalence of Exercise-induced S-T Segment Elevation of 
0.1 mV or More in Populations With Suspected or Known 
Coronary Artery Disease 








Prevalence 
Reference $ of 
(first S-T Segment 
author) Lead System Elevation 

Bruce '4 CB5, XYZ 6/1275 (0.596)* 
Chahine !5 CMs, CMe 29/840 (3.596) 
Dunn 6 12 22/750 (3.096) 
Fortuin 17 I-IIl, Va-Vg 12/400 (3.096) 
Hegge '? 12 18/158 (11.4%) 
Longhurst '? 12, XYZ 538/6040 (8.996)! 
Roitman*?? Vs, XYZ 4/100 (4.0%) 
Sriwattanakomen?! 12 61/1620 (3.896) 
Waters?? 12, CCs5, CMs, ML 47/720 (6.5%) 





* In contrast to the other series, only asymptomatic healthy men were 
studied. * S-T elevation of 0.05 mV or greater. 


electrocardiographic leads. Similarly in patients with 
previous inferior wall myocardial infarction, S-T ele- 
vation may be detected if inferior leads are recorded 
during exercise, but such cases are missed in studies 
where inferior leads are not monitored (Fig. 2). 


Postinfarction Exercise-Induced S-T Elevation 


The most common cause of exercise-induced S-T 
segment elevation is a previous myocardial infarction. 
The S-T elevation occurs in electrocardiographic leads 
with Q waves and often a degree of S- T elevation is al- 
ready present at rest but increases during exercise. 
Approximately 30 percent (118 of 395) of patients with 
anterior and 16 percent (43 of 272) of patients with in- 
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FIGURE 2. The 15 lead exercise electrocardiogram (right panel of each lead 


) compared with the electrocardiogram at rest (left panel of each lead) 


in a 41 year old man who had a previous inferior infarct. The only significant S-T segment shift occurred in leads II, IIl, aVF and ML, which showed 
S-T elevation of 0.1 mV or greater. (Reprinted from Waters et al.?? with permission of the American Heart Association, Inc.) 


ferior infarction exhibit this finding during exercise 
(Table IT).15,23-32 

The interval between infarction and performance 
of exercise may influence the frequency with which S-T 
elevation will be observed. Atterhóg et al.?? tested 12 


patients at various time intervals after an acute anterior 


wall myocardial infarction. Three weeks after infarction 
10 of the 12 patients had S-T elevation during exercise 
recorded in leads CH; to CH;. Six and 12 months later 


only three of the nine patients who were retested had 


this finding. 

Prognosis: The presence of exercise-induced S-T 
elevation after infarction implies a worse prognosis than 
the absence of this sign. Smith et al.?? reported recur- 


TABLE I 


Prevalence of Exercise-Induced S-T Segment Elevation of 
0.1 mV or More After Infarction 





Prevalence 
Reference of 
(first S-T Segment 
author) Lead System Elevation 
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Bartel^? — 12 18% of patients with abnormal 
LV contraction 

18/65 (27%); 13/24 (54%) ant; 
5/41 (1296) inf 

25/113 (2296); all 113 patients 
had ant MI 

26/100 (26%); 18/50 (36%) ant; 
8/42 (19%) inf 


Boschat?^ 12 
Chahine !5 CMs, CMg 


Cherrier?* 12 


Ibsen?$ I-IIl, V4-V4-Vg 16/209 (7.7%) 0/8 subend 

Marco?? I-II], aVR-aVF, 16/60 (27%); 12/30 (40%) ant; 

Vo, Vs, Ve 4/30 (13%) inf 

Paine? V4-Ve, XYZ 14/100 (1496); 12/50 (2496) ant; 

2/15 (496) inf 0/35 subend 

Smith?? 12 16/62 (26%) 

Théroux?? CMs 15/210 (7.1%)* 

Tubau?! 12, CCs, CMs, 21/118 (17.8%); 11/43 (26%) ant; 
ML 10/75 (13%) inf 

Weiner?? 12 41/154 (2796); 27/85 (32%) ant; 


14/69 (2096) inf. 


* 0.15 mV or greater. 
ant — anterior; inf — inferior; LV — left ventricular; MI — myocardial 
infarction; subend — subendocardial. 
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rent cardiac events in 6 of 16 patients with exercise- 
induced S-T elevation soon after infarction and 5 of the 
6 patients died. In the series of Théroux et al.,2° recur- 
rent cardiac events occurred during the year after in- 
farction in 3 of 15 patients with this finding. Fortuin and 
Friesinger!” reported four deaths and one recurrent 
infarction in 10 patients with exercise-induced S- T el- 
evation followed up for at least 1 year. 

Angiographic correlations: The occurrence of ex- 
ercise-induced S-T elevation after infarction has been 
correlated with coronary and left ventricular angio- 
graphic abnormalities in several studies. Of the 21 pa- 
tients with anterior myocardial infarction and exer- 
cise-induced S-T elevation who underwent angiography 
in the study of Chahine et al.,!^ 19 had a “critical” 
proximal left anterior descending coronary artery ste- 
nosis and 18 had a left ventricular apical aneurysm. 
When the authors reviewed all their patients with 
proximal left anterior descending coronary artery ste- 
nosis or left ventricular apical aneurysm, only 18 percent 
(19 of 104) and 64 percent (18 of 28), respectively, had 
S-T segment elevation. Thus, in this study, the use of 
S-T segment elevation of 0.1 mV or greater as a criterion 
to detect proximal left anterior descending stenosis was 
relatively insensitive but quite specific. In our study,22 
25 of 27 patients with exercise-induced S-T elevation 
in anterior leads had 70 percent or greater left anterior 
descending coronary stenosis and a corresponding left 
ventricular wall motion abnormality. All nine patients 
with exercise-induced S-T segment elevation in inferior 
leads had an akinetic inferior wall and a 70 percent or 
greater stenosis in the corresponding coronary artery 
(Fig. 3). 

Does the occurrence of S-T elevation during exercise 
in these patients provide additional information re- 
garding the underlying coronary anatomy than could, 
be inferred from the resting electrocardiogram? Most 
patients who exhibit exercise-induced S-T elevation 
after an anterior myocardial infarction already have a 
lesser degree of S-T elevation in the resting tracing.22 
Such an electrocardiogram by itself usually correlates 
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FIGURE 3. Exercise-induced S-T segment elevation in a 38 year old man with an old inferior infarct shows S-T segment elevation 70.1 mV in leads 
Il, Ill, aVF and ML, horizontal S-T segment depression of 1 mV or greater in leads |, aVL, V2 and CCs and minimal junctional depression in precordial 
leads V4 to Vg. The resultant S-T vector produced an isoelectric S-T segment in lead CMs that remained unchanged during and after exercise. (Reprinted 
from Chaitman BR, Ferguson RJ: Stress testing exercise physiology and cardiac rehabilitation. In: Rosen KM, ed: Current Cardiology, Vol Il. Boston: 


Houghton Mifflin Professional Publishers, 1980. 


with an underlying segmental contraction abnormality 
and a severely obstructed coronary artery. 

Is exercise-induced S-T elevation after infarction 
caused by the wall motion abnormality or by the cor- 
onary stenosis? 'The conclusion drawn by Chahine et 
al.!5 that segmental left ventricular dysfunction and not 
myocardial ischemia causes the S-T elevation in these 
patients seems reasonable, because nearly all have 
akinetic or dyskinetic segments at rest, and exercise- 
induced S-T elevation is rare with normal resting wall 
motion even in the presence of severe coronary stenosis. 
Radioisotopic ventriculography during exercise might 
show segmental dyskinesis more often in these patients 
than does resting left ventriculography. The fact that 
less than 20 percent of these patients have angina during 
exercise?? makes it unlikely that myocardial ischemia 
causes the S- T elevation. In addition, S-T elevation 
often accompanies the pattern of chronic left ventricular 
aneurysm in the resting electrocardiogram and is not 
considered to be due to myocardial ischemia. 

Coexisting S-T depression and S-T elevation: 
When multiple electrocardiographic leads are recorded 
during exercise, S-T depression is often detected in 
conjunction with S-T elevation. In these instances, is 
the S- T depression a reciprocal image of the primary 
S-T shift or due to an additional abnormal segment? In 
a study by Weiner et al.?? of patients after infarction, 
20 of 22 patients with both S- T elevation and depression 
had multivessel disease compared with only 4 of 19 with 
isolated S-T elevation. Of 11 patients in another study! 
With both S-T elevation and depression during exercise 
testing after infarction, 8 had a second thallium perfu- 
sion defect corresponding to the site of S- T depression 
while 3 did not. In contrast, only one of seven patients 
without Q waves in the resting electrocardiogram had 
a second perfusion defect corresponding to the area of 


S-T depression. Thus, in patients with a previous in 
farction coexisting S- T depression and elevation usualb 
signify multivessel disease with the S-T depressio1 
caused by myocardial ischemia; however, in the absenci 
of previous infarction the S-T depression may be re 
ciprocal to S-T elevation and not due to additiona 
coronary disease. 

When both S-T depression and elevation develo} 
during exercise the possibility that S-T depressio: 
might be the primary abnormality and S-T elevation : 
mirror-image phenomenon should be considered. Thi 
absence of significant stenoses in the arteries oppositi 
the site of S- T elevation in many patients?? renders thi: 
an unlikely possibility. Moreover, in the study of Dunt 
et al.,!6 a thallium perfusion defect corresponding to thi 
site of S- T elevation was present in each of 35 cases wit] 
exercise-induced S-T elevation. 


Exercise-Induced S-T Elevation in Variant Angina 


Prevalence: In the original description of varian 
angina, Prinzmetal et al.?* emphasized that angina anc 
S-T elevation occurred at rest with preservation of ex 
ercise capacity. However, exercise-induced angina witl 
S-T elevation has subsequently been reported in man) 
patients with otherwise typical variant angina.!?:59-5 
The prevalence of this finding in patients with varian 
angina is difficult to ascertain because in most studie: 
no attempt was made to exercise routinely a series o 
patients with variant angina. Of six patients with vari 
ant angina described by Detry et al.,?? five had exer 
cise-induced S- T segment elevation during a maxima 
stress test. Serious ventricular arrhythmias occurrec 
in four patients, possibly because exercise was continuec 
in spite of the appearance of S-T elevation until ex 
haustion, angina or ventricular arrhythmias occurred 
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TABLE lll- 


Prevalence of Exercise-Induced S-T Segment Elevation of 
9.1 mV or Greater in Documented Variant Angina 


Reference Prevalence of 
(first S-T Segment 
author) Lead System Elevation 
Detry?5 12 5/6 (8396) 
Higgins? — 1/10 (1096) 
MacAlpin?? CC5 3/18 (1796) 
Maseri '? 3 17/96 (1896) 
Prinzmetal?4 — 0/6 
Waters?? 12, CC5, CM5, ML 10/33 (3096) 


In other studies, the prevalence of exercise-induced 
5-T elevation has ranged from 10 to 30 percent (Table 
[II). S- T elevation was provoked by exercise in 1 of 10 
patients with variant angina studied by Higgins et al.36 
and in 3 of 18 in the study by MacAlpin et al.37 Maseri 
et al.!? performed submaximal stress tests in the upright 
position using a bicycle ergometer and 3 electrocardio- 
zraphic leads in 96 patients with variant angina. Pa- 
tients with a recent myocardial infarction or frequent 
prolonged angina episodes were excluded. S- T segment 
elevation was detected during or immediately after 
xercise in 17 cases; in 16 of the 17 the same electro- 
sardiographic leads were involved as during spontane- 
ous attacks at rest. Horizontal or downsloping S-T 
segment depression of 0.15 mV or greater was observed 
n 24 patients, 9 of whom had S-T elevation in the same 
eads during spontaneous attacks. Significant S-T 
segment shifts were not found in 29 patients, and 
ransient pseudonormalization of deeply negative T 
Naves occurred during or after exercise in 16. 

In our experience S-T elevation occurred during ex- 
reise in 10 of 33 patients with variant angina (Fig. 


4).?25? In all 10 cases the electrocardiographic site of S- T 
elevation was the same as during spontaneous rest ep- 
isodes of variant angina. Angina and S-T elevation 
began during, not after, exercise in each of the 10 pa- 
tients. S-T segment depression was detected before S-T 
elevation in only 1 of the 10 cases, even though 15 elec- 
trocardiographic leads were recorded during exercise. 
Only 3 of the 10 patients had a fixed coronary stenosis 
of 70 percent or greater and 6 had no stenosis of 50 
percent or greater at arteriography. 

S-T elevation only during the recovery period 
and prognosis: In some reports,495055 S-T elevation 
has been described as occurring only during the recovery 
period after exercise in variant angina patients. Most 
of these patients exhibited S- T depression during ex- 
ercise. Maseri et al.!? do not mention how many of their 
17 patients with exercise-induced S-T elevation de- 
veloped the finding during compared with immediately 
after exercise. Lahiri et al.?? concluded that exercise- 
induced S-T elevation preceded by S- T segment de- 
pression is an ominous prognostic sign in variant angina. 
Each of the five patients they studied had severe coro- 
nary disease at angiography, and three of the five had 
a myocardial infarction within 8 weeks, and two of the 
three died. In our experience, all 10 of our patients with 
variant angina who exhibited exercise-induced S- T el- 
evation are alive 1 to 4 years after their exercise test; 
myocardial infarction occurred in only one (immediately 
after an abrupt reduction in nifedipine dosage). 'The 
difference between our results and those of Lahiri et 
al.°° may be due to more extensive coronary disease in 
their patients or to more extensive use of calcium an- 
tagonist drugs in our patients. 

Role of coronary spasm: Coronary arterial spasm 
has been shown to be the cause of variant angina epi- 
sodes at rest,56-58 and indirect evidence suggests that 





'IGURE 4. Exercise-induced S-T segment elevation in a 58 year old man with active variant angina. Marked S-T elevation in leads Il, Ill, aVF, Vs 
9 Vg, CCs, CMs and ML is accompanied by horizontal S-T depression in leads V, and V2. The associated lateral ischemia produced marked S-T 
elevation in bipolar leads CCs, CMs and ML, whereas in the patient illustrated in Figure 3 S-T elevation was limited to leads Il, IIl, aVF and ML. 
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FIGURE 5. In a patient with variant angina, marked S-T segment elevation during exercise in leads V4 to V4 and minor elevation in lead aVL is ac- 
companied by reciprocal S-T segment depression in leads II, IIl, aVF and ML and minimal S-T depression in leads Vs to Vg, CC5 and CMs. A short 
burst of ventricular tachycardia that followed simultaneous recording of leads CC;, CMs and ML subsided spontaneously. 


coronary spasm also accounts for the S-T elevation 
during exercise in these patients. First, episodes during 
exertion are similar in character and duration to attacks 
at rest and S-T elevation occurs in the same leads. 
Thallium scans show large perfusion defects in the 
segment corresponding to the site of S-T elevation; 
resting thallium scans are normal.?249,5? Some of these 
patients have no fixed coronary stenoses and, when 
fixed lesions are present, they are often not severe. 

Recently, Specchia et al.°? performed coronary ar- 
teriography during exercise-induced S-T elevation in 
three patients with variant angina to document directly 
that coronary spasm was present. At the same time 
Yasue et al.°4 also directly documented coronary spasm 
in three patients during exercise-induced S-T elevation. 
In addition, Yasue et al.°? have shown angiographically 
that exertional angina with S-T depression may be 
caused by coronary spasm in patients without the 
clinical syndrome of variant angina. De Servi et al.®° 
recently showed that angina with S-T depression may 
be caused by either of two different mechanisms in the 
same patient: by exercise due to a fixed stenosis in the 
absence of spasm, or by spasm at the site of a fixed ste- 
nosis in the absence of exercise. 

Reproducibility: In some patients with variant an- 
gina exercise-induced S-T elevation is reproducible,5253 
whereas in others it is not.5? In a series of 13 patients 
reported on by Yasue et al.?* exercise-induced S-T el- 
evation was always reproducible in the morning but not 
in the afternoon. This finding corresponds to the clinical 
observation that spontaneous variant anginal episodes 
are more common in the early morning hours than at 
other times of day. 


Effect of calcium antagonists: The calcium an- 
tagonists nifedipine999! and diltiazem$?6* effectively 
abolish variant anginal episodes at rest and appear to 
be equally effective in eliminating exercise-induced S-T 
elevation in patients with variant angina.??54 Figure 5 
illustrates the exercise test of a patient with variant 
angina and an 80 percent fixed proximal left anterior 
descending coronary arterial stenosis before treatment 
with calcium antagonist drugs. Angina, S- T elevation, 
ventricular tachycardia and a large thallium perfusion 
defect (Fig. 6) occurred during exercise before treat- 
ment. After treatment, treadmill work time and peak 
pressure-rate product increased markedly, and only 
minimal S-T segment depression in lead CC; and a 
small thallium defect, probably caused by the fixed 
coronary lesion, occurred at this much higher level of 
exercise. 

Diagnostic value of exercise testing in variant 
angina: The data from the preceding studies show that 
the diagnostic value of exercise testing to detect variant 
angina is dependent on the population studied and the 
exercise protocol and lead system recorded. A negative 
test will be more frequent if calcium antagonist drugs 
have been administered,??5?545? if the patient has had 
an infarction in the territory that exhibited spontaneous 
S-T segment elevation? and if the patient is in a latent 
phase of his illness.®4 Reciprocal S-T segment depres- 
sion in conjunction with S-T elevation is common in 
patients with and without obstructive coronary disease 
reducing the specificity of S- T depression as a predictor 
of underlying coronary disease. The occurrence of S-T 
depression prior to S- T elevation during exercise in the 
same electrocardiographic leads is highly predictive of 
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- obstructive coronary disease and may have prognostic 
- value.55 


The prevalence of fixed obstructive coronary disease 


- of greater than 50 percent in patients with variant an- 


gina is reported to range from 40 to 92 percent in dif- 
ferent series.1?226! Exercise provokes coronary spasm 
in patients with active variant angina and no fixed 
coronary lesions.??9? Clearly, the predictive value of S-T 


. segment elevation for fixed obstructive coronary disease 


will vary according to the pretest likelihood of coronary 
disease, which may in part be related to the definition 
of variant angina and the exclusion criteria used to se- 


_ lect the patients. 


Other Causes of Exercise-Induced 
S-T Segment Elevation 


Coronary arterial stenosis: S-T segment elevation 
during or after exercise is rare in the absence of active 
variant angina or previous myocardial infarction. In a 
series of 200 men with a normal electrocardiogram at 
rest who underwent maximal treadmill exercise in our 
laboratory only 2 had S- T segment elevation recorded; 
both had typical angina and severe multivessel dis- 
ease.96 The incidence rate of S-T elevation has been 
reported as 0.2, 1 and 1.7 percent, respectively, in three 
studies of a similar patient population.191767 A high 
grade stenosis of the coronary artery corresponding to 


the electrocardiographic site of ischemia has invariably 


been found at angiography. However, in most reports, 
the patients with exercise-induced S-T segment eleva- 
tion who underwent coronary angiography were selected 
for the latter study. The bias introduced by including 
more symptomatic patients for invasive studies may 
result in a slight decrease in the predictive value of S-T 
segment elevation for high grade focal stenoses when the 
results are applied to the general population. 
Mechanism: It is not clear why some patients with 
high grade coronary stenoses respond to an increased 
myocardial oxygen demand with S-T segment elevation 
and others with S-T segment depression. Subendocar- 
dial ischemia that progresses to transmural ischemia 
during progressive exercise should produce S- T segment 
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FIGURE 6. Same patient. A large anterior perfusion de- 
fect appears during exercise (upper panel) which fills in 
on the reperfusion scan performed 4 hours later (lower 
panel). AP = anteroposterior; LAO = left anterior 
oblique. 


depression followed by S-T segment elevation in the 
same electrocardiographic leads. This pattern is un- 
common??80 compared with either S-T segment de- 
pression or elevation.!?!767 Because the coronary 
anatomy of patients with S-T segment elevation ap- 
pears similar to that of patients with S-T segment de- 
pression and because S-T depression is the usual re- 
sponse to exercise in patients with high grade coronary 
stenosis,9569? an infrequent mechanism of myocardial 
ischemia may be occurring. Some possible explanations 
include (1) coronary arterial spasm; (2) initial subepi- 
cardial ischemia; (3) an unsuspected akinetic or dyski- 
netic wall motion abnormality; or (4) a marginal isch- 
emic threshold for transmural myocardial ischemia. 
Further research into the pathophysiologic mechanisms 
of exercise-induced S-T segment elevation is required 
in this small subset of patients and may be provided 
with radionuclide techniques.79.7! 


Conclusions 


The optimal choice of exercise electrocardiographic 
leads to record S-T segment elevation would include 
leads II, III, aVF and V; to V3. Sensitivity is significantly 
decreased when only a single exercise lead (for example, 
lead CM5) is recorded. Different degrees of S-T segment 
elevation may be significant for different leads although 
most authors use 0.1 mV or greater as an arbitrary cutoff 
point for an abnormal response. 

New computer algorithms will require recognition of 
several S-T segment wave forms during S-T elevation 
because the morphologic character of the wave form 
may change under different clinical conditions and at 
rapid heart rates. There are few data that validate the 
current computer exercise electrocardiographic pro- 
grams for S-T segment elevation in a large clinical 
population. Because S-T segment elevation is relatively 
uncommon, a large patient data bank on tape would be 
useful to researchers and manufacturers for off-line 
computer electrocardiographic processing of exercise- 
induced S-T segment elevation over a wide range of 
clinical conditions. This type of data pool with angio- 
graphic correlates would most likely require the coop- 
eration and input from several medical centers. 
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Ambulatory electrocardiográphy and exercise testing are two noninvasive 
diagnostic procedures widely employed to evaluate patients for cardiac 
arrhythmias and S-T segment changes. This review addresses the dif- 
ferences and similarities of the two techniques, and examines the relative 
diagnostic and prognostic merit of the arrhythmia and S-T segment 
changes detected with each method. | | 

Ambulatory electrocardiography is more sensitive than exercise testing 
in detecting cardiac arrhythmias. The recording of ventricular arrhythmia 
is of value in predicting sudden death in survivors of myocardial infarction, 
whereas exercise-induced ventricular arrhythmia has limited predictive 
value. Nevertheless, exercise-induced S-T depression is of great prog- 
nostic value in predicting mortality and sudden death in patients with acute 
and chronic coronary heart disease. 


Ambulatory electrocardiography and exercise testing are two noninva- 
sive cardiologic techniques widely used to diagnose cardiac disease and 
assess therapeutic interventions. Ambulatory electrocardiography refers 
most commonly to the continuous magnetic tape (Holter) recording of 
a person's electrocardiographic data, usually for a period of 24 hours, 
as that person goes about typical activities in his or her personal envi- 
ronment and maintains a recorded diary. Exercise testing commonly 
refers to the physical and electrocardiographic examination of a person 
in a controlled medical environment who is undergoing a prescribed 
regimen of exercise using a step test, bicycle ergometer or motorized 
treadmill. 

Because these noninvasive electrocardiographic examinations are 
often employed concurrently, it is appropriate to have a perspective on 
their differences and similarities and to appreciate their complementary 
aspects. Moreover, it is important to review the knowledge obtained from 
various populations studied with both techniques, particularly with 
regard to the detection of cardiac disease and the prognostic value of the 
data. This review addresses these aspects. 


Differences and Similarities 
Differences (Table I) 


Examination of the differences between exercise testing and ambu- 
latory electrocardiography shows that exercise testing by design provides 
on-line monitoring (implying immediate awareness) of a patient's 
symptoms, physical findings and electrocardiogram during a prescribed 
protocol of exercise, whereas ambulatory electrocardiography provides 
an electrocardiographic recording of past events (data are analyzed later). 
In contrast to exercise testing performed in the fasting state at a fixed 
temperature in a relatively controlled environment with regard to 
physical activity and emotional or psychoneural stimuli, ambulatory 
electrocardiography is performed before, during and after meals, in 
various environmental temperatures, with exposure to changing physical 
activity and emotional or psychoneural stimuli. Whereas physical ex- 
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TABLE | 


. Differences Between Exercise Testing and Ambulatory 
. Electrocardiography 


. Exercise Ambulatory 
Testing Electrocardiography 
Design On-line monitoring; A recording of 
E prescribed protocol varied daily 
r activities 
. Environment Controlled Uncontrolled 
— Physical Possible with diagnostic Not possible 
examination value 
. Electrocardio- 1, 3, or 12 leads for 30 2 leads for 24 hours 
graphic minutes 
examination 
. Risks Low; emergency support None 
3 necessary 
. Interpretation On-line and immediate Some delay 


Lo 
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. amination during the exercise testing period may yield 
- additional diagnostic data, this procedure is for practical 
. purposes not possible during ambulatory electrocardi- 
= ography as the patient goes about his.daily activities. 
The electrocardiographic examination during exercise 
testing uses 1, 3 or 12 leads over approximately 30 
 . minutes, whereas the examination is confined to only 
. 2 leads but the study is extended to 24 hours during 
ambulatory electrocardiography. 

Although the risks of significant morbidity during 
exercise testing are extremely low (1 per 50,000 to 
-. 100,000 man hour of tests),! the procedure requires that 
- certain supportive emergency equipment be available, 
whereas ambulatory electrocardiography has not been 
associated with any significant adverse effects. Exercise 
testing in general permits rather immediate clinical 
_ on-line interpretation of test results. In contrast, am- 
— bulatory electrocardiography most commonly requires 
- some delay in interpretation because of the time re- 
- quired to analyze the recording. 


J Similarities (Table Il) 


These two diagnostic techniques, both noninvasive, 
- have other similarities. Both exercise testing and am- 
bulatory electrocardiography require a moderate 
amount of instrumentation and must be supervised and 
interpreted by experienced personnel. Both provide 
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TABLE Il 


Exercise Testing 
Diagnostic technique A. Noninvasive 


personnel 


i FRLET i i Be 


Variables measured 


A 

B 
X examination) 

C. S-T segment changes (fixed criteria) 

D 

A 


. Functional capacity 


. Arrhythmias + 


Prognostic information 
B. S-T segment changes +++ 


B. Requires instrumentation and experienced 


. Heart rate (in relation to normal response for age) 
. Arrhythmias (in relation to population and time of 





diagnostic information concerning heart rate response, 
arrhythmias, S-T segment changes and functional ca- 
pacity, although that information must be interpreted 
within a different context. Whereas an expected heart 
rate response for age can be anticipated with exercise 
testing, a normal heart rate diurnal response should be 
demonstrated by 24 hour ambulatory electrocardiog- 
raphy. Similarly, arrhythmias occurring during exercise 
testing or ambulatory electrocardiography must be 
evaluated within the context of the population in which 
they occur (for example, normal subjects or patients 
with coronary heart disease), the time of examination 
(immediate postinfarction period or 3 to 12 months 
later) and the status of ventricular function (low or 
normal ejection fraction and the presence or absence of 
congestive heart failure). 

With respect to S- T segment changes during exer- 
cise testing, there is a large body of established infor- 
mation to support specific criteria for diagnostic and 
prognostic data, whereas for ambulatory electrocardi- 
ography the most efficacious or predictive criteria for 
S-T segment changes are not clearly defined and in 
many instances meaningful interpretation seems de- 
pendent on the duration of time the S-T segment 
changes have been present. Functional exercise capacity 
is undoubtedly best determined by a fixed protocol of 
exercise testing that measures an individual functional 
aerobic capacity, but ambulatory electrocardiography 
can provide an indirect crude measure of work capacity 
in persons who cannot perform exercise testing (for 
example, amputees or severely arthritic patients) by 
examination of heart rate response during known ac- 
tivities standardized to known work loads. 

Both exercise testing and ambulatory electrocardi- 
ography provide prognostic information for specific 
subsets of various patient groups. This prognostic in- 
formation base is primarily related to S-T segment 
changes for exercise testing, and primarily related to 
arrhythmias with regard to ambulatory electrocardi- 
ography. The latter prognostic information resulted, I 
suspect, from the impetus initially directed in clinical 
and population studies that predominantly focused on 
S-T segment changes with regard to exercise testing, 
and arrhythmias with regard to ambulatory electro- 
cardiography. 


Similarities Between Exercise Testing and Ambulatory Electrocardiography 


Ambulatory Electrocardiography 


. Noninvasive 
. Requires instrumentation and experienced personnel 


0D» 


A. Heart rate (in relation to normal diurnal response) 

B. Arrhythmias (in relation to population and time of 
examination) 

C. S-T segment changes (duration of change a factor in 
assessment) 

D. Functional capacity . 

A 


. Arrhythmias +++ 
. S-T segment changes 0 


no] 


0 = no established value; + = minimal value; ++ = moderate value; +++ = maximal value. 
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Studies Employing Both Methods 


Both ambulatory electrocardiography and exercise 
testing have been used and compared in various popu- 
lations to determine their relative diagnostic and 
prognostic value. 'The two variables in such examina- 
tions that have received the greatest attention are ar- 
rhythmias and S- T segment changes. 


Arrhythmias 


Uniformly, ambulatory electrocardiography as it is 
now used (for 24 hours) emerges superior to exercise 
testing in the detection of arrhythmias in various pop- 
ulation groups. This conclusion is supported both by a 
limited number of simultaneous studies of arrhythmias 
using both exercise testing and ambulatory electrocar- 
diography and by a wealth of adjunctive information 
relative to studies using only one of these methods. 

Normal populations: There has been no large study 
of a normal population in which both exercise testing 
and ambulatory electrocardiography were used simul- 
taneously. The data from isolated ambulatory electro- 
cardiographic studies indicate that the presence of 
ventricular arrhythmia in *normal" populations ranges 
from 17? to 100? percent; age appears to be the major 
factor accounting for this variance. The studies of 
Hinkle and his co-workers^? clearly demonstrated that 
the prevalence of ventricular arrhythmia increases with 
age, and Brodsky et al. showed that 50 percent of young 
men (aged 23 to 27 years) had some form of ventricular 
arrhythmia. It would appear from our own data and that 
of others that ventricular arrhythmia is detected in 
approximately 50 percent of normal adults examined 
for 24 hours with ambulatory electrocardiography, and 
in approximately 75 percent of those examined for 48 
hours.’ It appears that most normal persons have fewer 
than 5 ventricular ectopic beats/hour or 100 ventricular 
ectopic beats/24 hours.9? But exceptions to this rule 
occur. Both frequent and complex forms of ventricular 
arrhythmia are known to occur in some normal popu- 
lations.?6.7.9.1? Such frequent and complex arrhythmias 
were found in 2 to 12 percent of young healthy persons®7 
and in 77 percent of one small group of patients over 60 
years of age.? Notwithstanding these variations due to 
the population examined, such arrhythmias in the ab- 
sence of organic heart disease have not been shown to 
affect prognosis adversely, although more studies are 
needed to document this observation.!? 

Exercise-induced ventricular arrhythmias have been 
shown to occur in 35 to 50 percent of young and mid- 
dle-aged normal men.1!-!? There seems to be a pro- 
gressive increase in the proportion of patients with ex- 
ercise-induced ventricular arrhythmia as the level of 
stress increases,!? and this phenomenon also seems to 
increase with age.!! The presence of any, frequent or 
repetitive ventricular ectopic beats was not found to be 
a sole predictor of future cardiac events over a 6 year 
period!? but, in the presence of ischemic S- T segment 
depression, was associated with a two to three times 
greater risk of death over a 5 year period.!4 

Data employing both ambulatory electrocardiogra- 
phy and exercise testing in the study of supraventricular 


arrhythmias in normal populations are too incompieta 
to draw meaningful comparisons. 

Coronary heart disease: Several studies of patients. 
with coronary heart disease have used both exercise 
testing and ambulatory electrocardiography to detect. 
ventricular arrhythmias. Early studies!^-!$ were di- 
rected to patients with chronic, coronary heart disease 
(that is, patients 2 to 3 months postmyocardial infarc- 
tion), and more recently such studies!??? have examined 
patients in the more immediate (2 to 4 weeks) postin- 
farction period. Virtually all studies employing 24 hour 
ambulatory electrocardiography emerged superior to 
exercise testing in detecting ventricular arrhythmias. 
Moreover, the prognostic value of ventricular arrhyth- 
mia detected with ambulatory electrocardiography has 
proved and established merit,??!-?* whereas the prog- 
nostic importance of exercise-induced ventricular ar- 
rhythmia has only limited value with regard to pre- 
dicting mortality or sudden death.!?.25 

Studies19-18 of patients in the late postinfarction 
period (‘Table III) have shown that 24 hour ambulatory 
electrocardiography detects ventricular arrhythmia in 
75 to 90 percent, whereas exercise-induced ventricular 
arrhythmia occurs in only 38 to 65 percent of such pa- 
tients. Moreover, frequent and complex forms of ven- 
tricular arrhythmia are found twice as commonly with 
ambulatory electrocardiography (50 to 60 percent of 
patients) as with exercise testing (30 percent of pa- 
tients).1? The prognostic value of ventricular arrhyth- 
mias detected with ambulatory electrocardiography is 
established by the presence of frequent (more than 10 
to 20 ventricular ectopic beats/hour) and complex (runs, 
pairs, multiform or R on T phenomenon) ventricular 
ectopic beats, which identifies the patient at increased 
risk (two- to threefold) of sudden cardiovascular death. 


TABLE Ill 


Ventricular Arrhythmias in Coronary Heart Disease!6-20 
Detected With Exercise Testing and Ambulatory 
Electrocardiography 


Exercise Ambulatory 
Testing Electrocardiography 
A. Late After Myocardial Infarction 
Percent patients 38 to 65 75 to 90 
detected 
Percent with 30 50-60 
frequent and 
complex 
arrhythmia 
Prognostic value For identifying 2 & 3 For sudden death 


vessel disease and (shows 2-3 X risk) 
impaired left ventricular 


function 


B. Early After Myocardial Infarction 


Percent patients 42 77 
detected 

Percent with 25-31 33 
frequent and 
complex 
arrhythmia 

Prognostic value For sudden death For sudden death 

(2-5 X risk) (2-3 X risk) 


June 1981 The American Journal of CARDIOLOGY Volume 47 1361 





~ 


se 


Percent patients 





SY a SP Pe " 


TABLE IV 
Ventricular and Supraventricular Arrhythmias in Mitral 


É Valve Prolapse*°.3! Detected With Exercise Testing and 
. Ambulatory Electrocardiography 


Exercise Ambulatory 
Testing Electrocardiography 

| Ventricular Arrhythmias 

- Percent patients 45-70 58-75 

~ detected 

— Percent frequent and 33 40-50 

|. complex 

Prognostic value Unknown Unknown 


Supraventricular Arrhythmias 


10-33 35-63 
detected: (frequently no 
correlation with 
symptoms) 
Prognostic value Unknown Unknown 


— Thus, ventricular arrhythmia, in general, appears to be 
= an independent risk factor, although its interaction with 
= ventricular dysfunction? and myocardial failure?’ 


identifies that subset of patients at greatest risk of 
sudden death. To date, exercise-induced ventricular 
arrhythmia, in itself, has not proved valuable in pre- 
dicting sudden death in patients with chronic coronary 
heart disease. However, such arrhythmias have some 
predictive value in identifying patients with significant 


. two or three vessel coronary disease or impaired left 


ventricular wall motion,?9-?? particularly when associ- 


. ated with marked S-T segment depression,?? when they 
= occur in patients with angina pectoris. 


Studies of patients in the early postinfarction period 


— (up to 3 weeks)!’ have similarly shown that ambu- 
- latory electrocardiography is superior to exercise testing 
. in the detection of ventricular arrhythmias (77 versus 
_ 42 percent). At this early period, the proportion of pa- 
— tients with frequent and complex ventricular ectopic 


beats is about equal (33 versus 31 percent), and the 
prognostic value of such arrhythmia identifying specific 
persons (with myocardial failure and an ejection frac- 
tion of 0.40) at a two- to threefold risk of early death has 
been substantiated.2© However, when patients with left 
ventricular dysfunction are excluded, ventricular ar- 
rhythmia detected with ambulatory electrocardiogra- 
phy seems to have little prognostic value.?? Exercise- 
induced ventricular arrhythmia has recently been cor- 
related with an increased risk of sudden death (2.5 
times) in patients examined with treadmill testing 1 to 
3 weeks postmyocardial infarction before hospital dis- 
charge.!? That observation has proved to have prog- 
nostic merit even in patients without myocardial failure 
or left ventricular dysfunction.?? 

Virtually all studies of patients with coronary heart 
disease employing both exercise testing and ambulatory 
electrocardiography have shown that both methods 
together adjunctively detected more ventricular ar- 
rhythmias than either method alone. 

Mitral valve prolapse (Table IV): Patients with 
mitral valve prolapse syndrome are most commonly 
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asymptomatic, apparently healthy and have no diag- 
nosis, whereas reported studies of this syndrome have 
concerned predominantly symptomatic patients. Such 
studies,? ?? employing both exercise testing and am- 
bulatory electrocardiography, have shown a high 
prevalence rate of arrhythmias that are most frequently 
detected by ambulatory electrocardiography. With 
ambulatory monitoring, ventricular arrhythmias are 
found in 58 to 75 percent and supraventricular ar- 
rhythmias in 35 to 63 percent of such patients.??? 
Ambulatory electrocardiography detects frequent and 
complex ventricular ectopic beats in approximately 40 
to 50 percent and bradyarrhythmias in 29 percent of 
such patients. Arrhythmias induced by exercise testing 
are found less commonly in such patients. Symptomatic 
patients with mitral valve prolapse frequently describe 
symptoms of chest pain or discomfort and palpitation 
that ambulatory electrocardiography has generally 
confirmed to have no correlation to the detected cardiac 
arrhythmias. 

The prognostic value of both ventricular and su- 
praventricular arrhythmias detected with either ex- 
ercise testing or ambulatory electrocardiography in 
patients with mitral valve prolapse is unknown. AI- 
though serious symptomatic ventricular arrhyth- 
mias???4 and sudden death? have been reported, they 
cannot be reliably predicted from characteristics of the 
arrhythmia. The superiority of ambulatory electrocar- 
diography over exercise testing in detecting cardiac 
arrhythmias was again demonstrated in these 
studies. 

Hypertrophic cardiomyopathy: Patients with 
hypertrophic cardiomyopathy are known to die sud- 
denly and unexpectedly during the course of the dis- 
ease.?9 In many such patients, the symptoms and nat- 
ural history suggest that arrhythmias are operative in 
the mechanism of such deaths. Accordingly, both ex- 
ercise testing and ambulatory electrocardiography have 
been employed to study such patients.?78 These studies 
show that both methods detect ventricular arrhythmia 
in the majority of such patients (61 and 83 percent, re- 
spectively). Frequent and complex ventricular ectopic 
beats constitute more than 50 percent of such detected 
arrhythmias, and are unrelated to symptoms or evi- 
dence, or both, of outflow tract obstruction.?^?8 No 
echocardiographic or hemodynamic measurement 
predicted these complex ventricular arrhythmias.*® 
Ambulatory electrocardiography was again superior to 
exercise testing in the detection of these complex ven- 
tricular arrhythmias (50 versus 28 percent, respective- 
ly). Moreover, ambulatory electrocardiography uniquely 
demonstrated paroxsymal supraventricular tachyar- 
rhythmias in 15 to 46 percent of patients and some su- 
praventricular ectopic beats in 54 percent of patients.?? 
When such arrhythmias were examined in patients with 
and without beta adrenergic blocking drugs the preva- 
lence of arrhythmias was similar with some decrease in 
supraventricular tachycardias.?? The prognostic value 
of these detected ventricular arrhythmias is not estab- 
lished, although conjecture is often evoked to implicate 
them in the genesis of sudden death in this condition. 
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Symptoms suggestive of cardiac arrhythmias: 
Such symptoms include patient perception of abnormal 
cardiac beating (palpitation, for example) and com- 
plaints suggestive of cerebral ischemia (dizziness or 
lightheadiness). Boudoulas et al.39 examined 119 pa- 
tients with presyncope or syncope using both exercise 
testing and ambulatory electrocardiography and de- 
tected significant cardiac arrhythmias in 64 percent of 
patients. Arrhythmias were found with ambulatory 
electrocardiography in 83 percent and with exercise 
testing in only 14 percent. Exercise testing was of vir- 
tually no benefit in detecting supraventricular tachy- 
cardia or atrioventricular block, but did increase the 
detection rate of serious ventricular arrhythmias.?? The 
authors recommended 24 hour ambulatory electrocar- 
diography as the diagnostic modality with the greatest 
yield. Exercise testing was recommended only if am- 
bulatory electrocardiography failed to detect such ar- 
rhythmias, and would be expected to increase the yield 
of serious ventricular arrhythmias. 


S-T Segment Changes 


Exercise testing has been the established diagnostic 
method using S-T segment changes for the diagnosis of 
ischemic heart disease. Although early ambulatory 
electrocardiographic systems unreliably reproduced the 
S-T segment, technical advances have adequately as- 
sured the present day validity and reliability necessary 
to detect transient ischemic S-T segment changes. On 
the other hand, much important work remains to be 
performed establishing the value, validity and limita- 
tions of S-T segment changes during ambulatory elec- 
trocardiography. When both exercise testing and am- 
bulatory electrocardiography are used to study S-T 
segment changes in patients with coronary heart disease 
the findings are controversial, but exercise testing seems 
most sensitive in detecting coronary stenosis.4041 
Moreover, at present only exercise-induced S-T seg- 
ment changes have been shown to have prognostic 
value.19.20 

Coronary artery disease: Early studies employing 
both exercise testing and ambulatory electrocardiog- 
raphy in the detection of coronary artery disease have 
provoked'controversy because such studies may not 
have invoked maximal exercise tests,!? included pa- 
tients with abnormal resting electrocardiograms,* and 
accepted T wave inversion as a positive test.4? A recent 
study by Crawford et al.4! of 70 patients with chest 
discomfort and a normal resting electrocardiogram 
showed that graded exercise testing disclosed diagnostic 
ischemic S-T segment changes that predicted arterio- 
graphic coronary artery disease (greater than 50 percent 
luminal narrowing) with a sensitivity of 67 percent and 
a specificity of 75 percent. Ambulatory electrocardi- 
ography was found to detect ischemic S-T segment 
changes with a sensitivity of 62 percent and a specificity 
of 61 percent. More false positive S-T segment changes 
were detected with ambulatory electrocardiography 
than with exercise testing (39 versus 25 percent). Nev- 
ertheless, the predictive accuracy values of the two 
methods were not too divergent.4? When both tests were 
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combined, 85 percent of the cases of coronary artery 
disease were detected.*! 1 
Although some controversy may surround these re- 
sults, it is apparent that S-T segment changes duri ng 
ambulatory electrocardiography occur from a varie y 
of causes and are prone to be misinterpreted as ischemia 
if the stresses of daily activities, sudden cardiovasc ar 
exercise,*4 and physiologic functions are not taken in O 
account.*? On the other hand, the S-T segment chang os 
induced during exercise testing are not prone to su h 
influences, and have valuable predictive accurac A 
particularly when characteristics of the patient are 
considered.45-47 4 
The prognostic value of S- T segment changes de- 
tected with exercise testing in identifying the patient 
at increased risk of sudden death or a coronary even i 
has been demonstrated in patients with ischemic heart 
disease in the nonacute!44549? and subacute!®.2 stage, 
The data in patients with nonacute ischemic hear 
disease show that the development of 1.5 mm of S-T 
segment depression 0.08 second from the J point d 4 
exercise predicted an incidence rate of a new coronary 
event of 9.5 percent a year compared with a rate of 1.7 
percent in persons without this finding.*® Moreover, 
incidence rate increased to 11.4 percent a year if ven- 
tricular ectopic beats were also found with the S-T 
segment depression.!4 Extension of these exercise 
studies to examination of 2.0 mm of upsloping S-T 
segment depression for 0.08 second confirmed a similar 
incidence of coronary events at an annual rate of 95 
percent a year.*? More recently studies of treadmill: 
exercise-induced S-T segment changes detected in pa- 
tients recovering from myocardial infarction prior to- 
hospital discharge showed that 1 mm of horizontal S-T 
segment depression predicted the group of patients at 
a: 10-fold increased risk of 1 year mortality and a 16-fold - 
increased risk of sudden death.!? This observation has 
been confirmed over a 24 month follow-up period in — 
patients after a myocardial infarction without evidence 
of myocardial dysfunction when 2 mm of horizontal S-T - 
segment depression was detected with treadmill testing | 
3 weeks after the acute event.?? No reports have exam- 
ined the prognostic importance of S-T segment changes 
detected with ambulatory electrocardiography in pa- - 
tients with coronary heart disease. 3 
Variant (Prinzmetal’s) angina pectoris: 
Prinzmetal's variant angina is characterized by tran- 
sient episodes of S-T segment elevation that occur f 
spontaneously and unpredictably at rest, frequently 
during the early morning hours, and are most commonly 
not elicited by exercise. Ambulatory electrocardiogra- 
phy emerged as a valuable diagnostic test of this con- 
dition because its ability to examine the patient elec- 
trocardiographically for S-T segment changes over 24 _ 
hours facilitates the documentation of these unpre- 
dictable events.99-? More recently, reports?? have - 
drawn attention to the finding that coronary arterial | 
spasm with its secondary S-T segment elevation in some 
patients is induced by exercise. Nevertheless, there are _ 
no studies which examine the relative diagnostic or — 
predictive value of S-T segment changes detected with _ | 
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both exercise testing and ambulatory electrocardiog- 
raphy in disclosing Prinzmetal's variant angina. It may 
be anticipated that data addressing these aspects will 
be developed in the future. 


| Summary 


Exercise testing and ambulatory electrocardiography 
are, in general, complementary procedures. Ambulatory 
electrocardiography is more sensitive than exercise 
testing with regard to the detection of cardiac ar- 
rhythmias, and provides valuable prognostic informa- 
tion relative to ventricular arrhythmia and sudden 
death in survivors of myocardial infarction. Although 
Bue testing is less sensitive in detecting cardiac 
arrhythmias, it often detects arrhythmias in addition 


1. Haskell WL. Cardiovascular complications during exercise training 

of cardiac patients. Circulation 1978;57:920-4. 

~ 2. Raftery EF, Cashman PMM. Long-term recording of the electro- 

| ee in a normal population. Postgrad Med J 1976;52: 

2-8. 

.. 3. Glasser SP, Clark Pl, Appelbaum HJ. Occurrence of frequent 

P complex arrhythmias detected by ambulatory monitoring. Findings 

in an apparently healthy asymptomatic elderly population. Chest 

| 1979;75:565-8. 

4. Hinkle LE, Carver ST, Stevens M. The frequency of asymptomatic 

i disturbances of cardiac rhythm and conduction in middle-aged men. 

| Am J Cardiol 1969;24:629—50. 

— 5, Hinkle LE, Carver ST, Argyros DC. The prognostic significance 

| of ventricular premature contractions in healthy people and in 

f people with coronary heart disease. Acta Cardiol (Brux) 1974;18 

/ — (Suppl):5-32. 

6. Brodsky M, Wu D, Denes P, Kanakis C, Rosen KM. Arrhythmias 
documented by 24 hour continuous electrocardiographic moni- 
toring in 50 male medical students without apparent heart disease. 
Am J Cardiol 1977;39:390-5. 

.7. Clarke JM, Hamer J, Shelton JR, Taylor S. The rhythm of the 

a normal human heart. Lancet 1976;2:508- 12. 

. 8. Kostis JB, Moreyra AE, Natarajan N, et al. Ambulatory electro- 
cardiography: What is normal? (abstr). Am J Cardiol 1979;43: 
420. 

9. Kennedy HL, Underhill SJ. Frequent and complex ventricular 
ectopy in apparently healthy subjects. Am J Cardiol 1976;38: 
141-8. 

10. Kennedy HL, Pescarmona JE, Bouchard RJ, Goldberg RJ. Cor- 
onary artery status of apparently healthy subjects with frequent 

| and complex ventricular ectopy. Ann Intern Med 1980;92:179- 

T 85. 

. 11. McHenry PL, Fisch C, Jordan JW, Corya BR. Cardiac arrhythmias 

j observed during maximal treadmill exercise testing in clinically 

| normal men. Am J Cardiol 1972;29:331-6. 

| 12. Blackburn H, Taylor H, Hamrell B. Premature ventricular com- 

f 

| 





plexes induced by stress testing. Their frequency and response 
to physical conditioning. Am J Cardiol 1973;31:441-69. 
.. 13. Froelicher VF, Thomas MM, Pillow C, Lancaster MC. Epidemio- 
5 logic study of asymptomatic men screened by maximal treadmill 
R testing for latent coronary artery disease. Am J Cardiol 1974; 
| 34:770-6. 
E14. Udall JA, Ellestad MH. Predictive implications of ventricular pre- 
> mature contractions associated with treadmill stress testing. Cir- 
à culation 1977;56:985-9. 
| 15. Kosowsky BD, Lown B, Whiting R, Guiney T. Occurrence of 
ventricular arrhythmias with exercise as compared to monitoring. 
Circulation 197 1;44:826-32. 

16. Crawford M, O'Rourke RA, Ramakrishna N, Henning H, Ross J. 
Comparative effectiveness of exercise testing and continuous 
monitoring for detecting arrhythmias in patients with previous 
myocardial infarction. Circulation 1974;50:30 1-5. 


AICPA, igi, 3 FS, A eae SSS Sa ERG VU = 
CENNEDY E P s z, ASF. d ER a Nt f T = i... "hi "m A que Ty =a 
M ban ^" ply c hd v Ey Poo = , : " A. e 4 1 , 

sae = 2 , - T. em a 4 ; k 


to those detected with ambulatory electrocardiography. 
However, exercise-induced ventricular arrhythmia has 
limited prognostic value. 

Exercise testing has the greatest predictive value 
relative to S-T segment changes with regard to detecting 
coronary artery disease and provides valuable prog- 
nostic information in relation to mortality and sudden 
death in patients with acute and chronic coronary heart 
disease. Whereas ambulatory electrocardiography 
readily detects S-T segment changes, more specific 
criteria are needed to reduce misinterpretation and false 
positive diagnoses of coronary artery disease. And, at 
the present time, the prognostic value of S-T segment 
changes detected with ambulatory electrocardiography 
has not been established. 
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Toward the Optimal Lead System and Optimal Criteria for 
Exercise Electrocardiography 


To define the optimal lead system for exercise electrocardiography, data 
of the whole body surface potential distribution were analyzed in 25 normal 
subjects and in 25 patients with coronary artery disease at rest and during 
exercise. All patients had a normal electrocardiogram at rest. The sen- 
sitivity of the standard chest leads was 60 percent; it improved to 84 
percent with the body surface map whereas both methods had a 100 
percent specificity. On the basis of these data, and reports from other 
centers, it is concluded that a single bipolar lead from the right subclavian 
area to lead Vs is adequate in those laboratories that are restricted to 
testing subjects with a normal electrocardiogram at rest. In patients with 
a previous infarction or other abnormalities in the electrocardiogram at 
rest three (pseudo) orthogonal leads or several standard leads are nec- 
essary. 

Recommendations for optimal measurements from the exercise 
electrocardiogram are based on quantitative computer analysis of se- 
lected leads in larger groups of patients. Best results were obtained with 
a combination of S-T amplitude, S-T slope and heart rate. The improve- 
ment in sensitivity from 50 percent with visual analysis to 85 percent with 
computer was similar to that obtained with body surface mapping. 
Changes of the P wave and QRS complex during exercise appeared to 
be of little diagnostic value. The pathophysiologic mechanisms that 
contribute to the changes of the electrocardiogram during exercise are 
discussed. 


'The first recordings of the electrocardiogram after exercise were made 
in 1908 by Einthoven,! the founder of electrocardiography. The clinical 
application of postexercise electrocardiography was introduced almost 
30 years later and reviewed by Scherf and Schaffer.? In recent years there 
has been a steady development toward the recording of multiple leads 
during the entire stress test as well as the quantitative analysis of elec- 
trocardiographic changes during and after exercise. However, opinions 
still differ on basic questions such as selection of leads and interpretation 
of changes in the electrocardiogram during exercise. The answers to these 
questions may be obtained from quantitative analysis of the whole body 
surface potential distribution during exercise. 

In this study recommendations are made concerning the choice of lead 
systems in various clinical settings and the choice of electrocardiographic 
measurements to be taken during exercise. These recommendations are 
based on a combination of body surface data in selected patients and 


. quantitative data from selected leads in larger groups of patients. This 


discussion is restricted to the electrocardiogram. However, other data 
obtained during an exercise test are of equal value, such as exercise ca- 
pacity, heart rate and blood pressure responses and the occurrence of 
chest pain or dyspnea. 
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Body Surface Potential Distribution at Rest and 
During Exercise 


Body surface maps were recorded with 120 electrodes 
taped to the chest wall.? The recording system has been 
described in detail.* Eight seconds of data were recorded 
from all leads simultaneously with adequate frequency 
response and with a resolution of 20 uV in digital for- 
mat. After visual inspection of the tracings, beats with 
similar waveforms were averaged in order to obtain 
single representative complexes with a low noise level 
at rest and during exercise. The onset and end of the 
QRS interval were determined with a computer pro- 
gram and checked by the operator.» Exercise was per- 
formed on a bicycle ergometer with stepwise increments 
in work load of 25 watts every 5 minutes.? Data were 
recorded with the patient at rest seated on the bicycle 
ergometer, at peak exercise and in the 1st minute of the 
recovery period. 

Body surface maps in normal subjects: Data were 
analyzed from 25 normal men, aged 28 to 59 years. 
These subjects had no history of cardiovascular disease 
and were selected on the basis of normal findings on 12 
lead electrocardiography, chest X-ray study, exercise 
testing and postexercise thallium scintigraphy.® Coro- 
nary arteriography was not performed in these subjects. 
The peak heart rate during exercise averaged 150 
beats/min (range 135 to 175). 

Ventricular depolarization at rest could be charac- 
terized by a maximum in the sternal region that shifted 
gradually toward the left lateral area and by a minimum 
at the back or the right shoulder that moved toward the 
sternum. In most patients a second maximum devel- 
oped at the end of depolarization in the right subclavian 


area (Fig. 1). Repolarization was characterized by a - 


maximum at the mid sternum or at the left sternal 
border and a minimum that moved from the back 
toward the anterior part of the right shoulder. These 
observations were similar to those reported by Taccardi’ 
and other investigators.9? 

During exercise the depolarization pattern was 
similar to that at rest (Fig. 2). In 15 of 25 subjects the 
amplitudes of the maximums and minimums increased 
- 0.1 mV or more, up to 0.77 mV, whereas the amplitudes 
decreased 0.1 mV or more in six subjects (Fig. 3). A re- 
duction of the maximal QRS magnitude was described 
recently in 20 young subjects.!? The early repolarization 
pattern during exercise differed from the pattern at rest. 
In the first 10 to 20 ms the potential distribution was 
similar to the late depolarization patterns. The pre- 
cordial minimum remained present during 40 to 100 ms 
after the end of the QRS complex. The amplitude of this 
minimum was low: less than 90 uV in all subjects at 60 
ms after the end of the QRS complex. 

The late repolarization pattern was again similar 
to the pattern at rest, although the voltages reached the 
highest values earlier. In 12 subjects the repolarization 
voltages had the same magnitudes at rest and during 
exercise whereas in 8 subjects the voltages during ex- 
ercise were smaller and in 5 they were greater. Mirvis 
et al.!! described precordial maps during strenuous 
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FIGURE 1. Body surface maps during depolarization in a normal subject 
at rest. In each diagram the left part represents the anterior chest wall 
and the right represents the back. Two lines that represent the clavicles 
have been drawn in each diagram as well as in the other surface maps. 
The maps correspond to four time normalized instants during depo- 
larization at 2/8, 4/8, 6/8 and 8/8 of QRS duration. Note a maximum 
in the sternal region during early depolarization (2/8), that shifts toward 
the left (4/8) and the back (6/8). At the end of depolarization two 
maximums are present, at the back and at the upper part of the sternum 
(8/8). The minimum shifts from the back (2/8) through the right side of 
the chest (4/8) toward the left precordial region (6/8 and 8/8). 


exercise in 15 normal volunteers. 'These authors ob- 
served similar negative precordial potentials during 
early repolarization as previously described. 

Body surface maps in patients with coronary 
artery disease: Body surface maps were made in 25 
men with coronary artery disease between age 40 and 
55 years. All had a normal QRS complex and S-T seg- 
ment at rest, and no history of myocardial infarction. 
Selective coronary arteriography showed 50 percent or 
greater luminal narrowing in one or more major coro- 
nary arteries. These patients underwent the same ex- 
ercise test as the normal subjects. T'hey recorded a peak 
heart rate of 135 beats/min (range 110 to 60). 

The depolarization maps were similar to the normal 
maps in 23 patients. Two patients had abnormal neg- 
ative voltages at the right anterior chest wall during 
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early depolarization. Repolarization at rest was ab- 
normal in five patients, in spite of a normal 12 lead 
electrocardiogram. These patients had a negative pre- 
cordial potential that exceeded —50 uV 60 ms after the 
QRS complex. During exercise the depolarization po- 
tentials increased by 0.1 mV or more in 15 of 25 patients 
(Fig. 3) and decreased by this amount in 5 patients. 
Thus, no systematic difference was observed between 
the direction or the magnitude of the QRS changes in 
the normal subjects and in the patients. In six patients 


the late maximum at the right shoulder or at the right 


sternal border was increased. 
The greatest deviation from the normal pattern was 


. observed in the early repolarization during exercise 


(Fig. 4). In all patients a prolonged negative area de- 
veloped at the precordium. The precise location of the 
greatest negative values varied (Fig. 5).!^!? However, 
no relation could be observed between the repolariza- 
tion pattern and the location of defects in the thallium 
scintigrams or the location of coronary arterial ob- 
struction; this finding confirms data in earlier reports 
from our laboratory!? and others.!4 
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Diagnostic Value of Exercise Surface Maps 


In some patients with coronary artery disease, the 
surface maps showed abnormal repolarization patterns 
that were not present in the standard 12 lead electro- 
cardiogram. A horizontal or downsloping S- T segment 
depression in the standard chest leads was present in 
only 15 of the 25 patients. Nevertheless 21 patients had 
abnormal negative precordial potentials greater than 
90 uV 60 ms after the end of QRS complex, whereas 
such potentials were not present in a single normal 
subject. The other four patients had a negative pre- 
cordial area between 50 and 90 uV. Such negative values 
were also present in three normal subjects (Fig. 5 and 
6). The results of this analysis are presented in Table 
I. 

Similar results were presented by Fox et al.!? in a 
series of 100 patients with 16 lead precordial maps. In 
their study the sensitivity was 96 percent with the maps 
and 80 percent with the 12 lead system whereas the 
specificity of both methods was the same. The body 
surface data were obtained at rest, at peak exercise and 
in the 1st minute of the recovery period. Further anal- 
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NORMAL EXERCISE 


FIGURE 2. Normal depolarization (QRS) pattern during peak exercise. The general pattern is similar to that at rest in the same patient in Figure 
1. During repolarization (ST) a maximum develops in the left precordial region (2/8) that remains in the same location but ci eredi and increases 


in strength (4/8, 6/8) and diminishes at the end of repolarization (8/8). 
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ysis of the transition of the body surface potential dis- 
tribution from rest to peak exercise should be performed 
in order to determine whether abnormal patterns can 
be detected earlier from the surface maps than from the 
standard leads. 


Optimal Lead System for Exercise 
Electrocardiography 


The aforementioned data indicate that the sensitivity 
of exercise electrocardiography can be increased without 
loss of specificity when a large number of leads are an- 
alyzed simultaneously. The optimal lead system will 
then be based on a trade-off between a large number of 
leads and clinical applicability. 

Patients with a normal electrocardiogram at 
rest: The selection of the lead system may be guided by 
the type of S-T patterns that may be expected in a given 
population. Exercise-induced myocardial ischemia in 
patients with a normal electrocardiogram at rest is 
characterized by a negative precordial potential during 
early repolarization (for example, S- T amplitude 60 ms 
after the end of the QRS complex). In such patients the 
single lead with the greatest sensitivity will be recorded 
between the right subclavicular area and the V5 position 
(Fig. 4). This is the bipolar lead CS; (Table I). However, 
in some patients the negative precordial potentials do 
not overlap with the V; position and multiple precordial 
leads will be advantageous. This can be extended to a 
precordial map, such as the 16 lead map (4 by 4) used 
by Fox and co-workers. !2:14 

Patients with a previous myocardial infarction: 
In these patients the S-T changes may be caused by four 
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FIGURE 3. Maximal QRS amplitudes in the surface maps at rest (R), 
during peak exercise (X) and in the 1st minute of recovery (H) in normal 
subjects (left) and in patients with coronary artery disease (CAD) 
(right). 
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COR. ART. DISEASE 


FIGURE 4. Body surface maps 60 ms after the end of QRS complex (ST 60) at rest and at peak exercise in a normal subject (left) and in a patient 
with coronary (COR.) artery (ART.) disease. Note a broad maximum in the left precordial region in the normal subject, and negative precordial voltages 


in the patient. See legend to Figure 1. 
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REST 








E FIGURE 5. Distribution of the maximums (+) and the minimums (—) of the body surface maps, 60 ms after the end of the QRS complex (ST 60). 
See legend to Figure 1. The minimums are indicated with a thick line for subjects with a minimal surface potential lower than —0.050 mV, whereas 


a thin line was used for the other subjects. Note the maximums in the sternal area in the normal subjects (left) and in the patients (right) both at 
rest and during exercise. The minimums in the normal subjects are located at the back and in the right subclavian region. In the patients the minimums 
at rest are found at the back and the lower part of the left side of the chest. During exercise the minimums are deeper, and all are located in the 


precordial region. 


mechanisms. (1) The factors that influence the S-T 
segment in normal subjects should be taken into ac- 
count, such as heart rate, intracardiac blood volume and 
the position of the heart in the chest. (2) These are 
modified by the presence of scar tissue or hypokinetic 


- or dyskinetic areas in the left ventricle without ischemia. 


This will largely cause S- T segment elevation in the 


a c- u—————.5 3 —R —— SS = 


-. leads that show the Q waves of the previous infarction.!° 
-. (3) Myocardial ischemia may be provoked by exercise. 


In most patients, such ischemia occurs in the suben- 


- docardial layers of the entire left ventricle. This results 
in negative precordial potentials and S-T segment de- 
pression in the precordial leads. The location of the 


negative precordial potentials or the orientation of the 


abnormal S-T vectors appears to be independent of the 
"location of the coronary arterial obstruction.!?:14956 


. However, the S-T vector orientation will be influenced 
_ by the presence of scar tissue due to previous infarc- 
- tion.!? Finally (4), in a few patients, transmural myo- 


cardial ischemia may develop as a result of coronary 


TABLE | 
Comparison of Sensitivity and Specificity in Standard 


— Precordial Leads, in Lead X of the Frank Orthogonal Lead 


System, in a Bipolar Chest Lead and in the Surface Map 


Speci- Sensi- 
ficity tivity 
(n = 25) (n = 25) 
(%) (%) 
0.1 mV mV horizontal or downsloping 100 60 
S-T depression in leads V5 to Vg 
S-T 60 < —0.045 mV in lead X 90 76 
S-T 60 < —0.045 mV in lead CS5 95 84 
S-T 60 « —0.050 mV in precordial map 88 100 
S-T 60 « 0.090 mV in precordial map 100 84 


S-T 60 = S-T amplitude 60 ms after the end of the QRS complex. 
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spasm. This will produce an area with S- T segment el- 
evation over the ischemic zone.!9 

In patients with previous myocardial infarction, it 
might be advantageous to analyze the whole body sur- 
face potential distribution during exercise. A practical 
approach in research-oriented hospitals would be the 
reconstruction of the potential distribution from a set 
of 18 to 32 leads.17-18 A further reduction in the number 


normal 
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FIGURE 6. Amplitudes of the minimums of the surface maps at 60 ms 
after the end of the QRS complex in normal subjects (left) and in patients 
with coronary artery disease (right). See legend to Figure 3. 
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of leads, with little loss of information, might be ob- 
tained through the method described by Kornreich!? 
for the resting electrocardiogram. 

Because repolarization is largely characterized by a 
single maximum and a single minimum in the surface 
maps, the representation by a dipole will contain most 
of the information (Fig. 2 and 4). Thus, a corrected or- 
thogonal lead system might be sufficient in all or most 
patients, provided that precise criteria are developed 
for spatial analysis of the S- T vectors. Such criteria have 
been described for patients with a normal electrocar- 
diogram at rest??; however, data are lacking in patients 
with a previous myocardial infarction or other abnor- 
malities in the electrocardiogram at rest.16 

In summary, a single bipolar lead (CM; or CS5) will 
be sufficient in centers testing only subjects with a 
normal electrocardiogram at rest. In centers testing 
various types of patients, including those in the 
postmyocardial infarction state, such a system is not 
sufficient. In those laboratories one should record at 
least three (pseudo) orthogonal leads??? in addition to 
or including lead CSs, or a larger set of precordial 
leads.???4 A corrected orthogonal lead system may be 
sufficient in the majority of patients, provided that 
specific criteria are developed that can be used in a 
computer system. 


Most Effective Electrocardiographic 
Measurements for Detection of Exercise-Induced 
Ischemia or Abnormal Myocardial Function 


The changes in the P wave, QRS complex and ST-T 
segment during exercise in patients with coronary artery 
disease differ from the changes in normal subjects.!? In 
normal subjects the P wave amplitude typically in- 
creases, the maximal QRS amplitude decreases, the S 
wave deepens and the S-T junction depression occurs.?° 
However, the changes in individual subjects vary widely 
(Fig. 3). 

Role of heart rate: The P wave amplitudes generally 
increase less in patients with coronary artery disease, 
the QRS voltages may be enhanced and both S-T de- 
pression and S-T elevation may occur. For diagnostic 
use of these changes in the electrocardiogram, one 
should remember that patients with coronary artery 
disease generally stop exercise at a lower heart rate than 
do normal subjects. This factor alone has considerable 
influence on all electrocardiographic measurements.”° 
Therefore, the most effective measurements should be 
adjusted for differences in heart rate as shown in earlier 
studies.?? 

Changes in P waves: Differences between the P 
waves of patients and normal subjects during exercise 
have little if any diagnostic value (Table II). These 
differences are probably due largely to the lower peak 
heart rate in the patients, although they may be affected 
by elevated left ventricular filling pressure in some of 
the patients.29:27 

Precordial QRS potentials: The surface map data 
indicate that the precordial QRS potentials increase 
during exercise in most patients as well as in normal 


TABLE Il 


Sensitivity of P, QRS and S-T Measurements for Detection — 
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JUNE 


of Coronary Artery Disease in Men With a Normal 


Electrocardiogram at Rest (n — 53) 





ns 


— "TE .2 
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e 
Variable Sensitivity Specificity : 
P max 1 
Lead X 14/53 (0.26) 76/87 (0.88) 
Lead Y 15/53 (0.28) 78/87 (0.90) . 
Lead Z 1/53 (0.01) 78/87 (0.90) 
QRS 6/8 > 
Lead X 13/53 (0.24) 78/87 (0.90) 
Lead Y 9/53 (0.16) 78/87 (0.90) 
Lead Z 6/53 (0.11) 78/87 (0.90) 
QRS 7/8 
Lead X 12/53 (0.22) 78/87 (0.90) 
Lead Y 10/53 (0.18) 78/87 (0.90) 
Lead Z 8/53 (0.15) 78/87 (0.90) 
S-T 4/8 1 
Lead X 35/53 (0.66) 77/87 (0.89) —— 
Lead Y 23/53 (0.43) 78/87 (0.90) 
Lead Z 2/53 (0.03) 78/87 (0.90) 
S-T 60 
Lead X 53/53 (0.66) 78/87 (0.90) 
Lead Y 23/53 (0.43) 78/87 (0.90) .— 
Lead Z 0/53 (0.00) 78/87 (0.90) 


Measurements at the highest exercise level in each patient. Threshold 
values were selected so that the specificity was approximately 90 - 
percent in 87 normal subjects. P max = point of maximal spatial 
magnitude of the P wave; QRS 6/8 and QRS 7/8 = amplitude at 6/8 and - 
7/8, respectively, of QRS duration; S-T 4/8 — amplitude at 4/8 between - 
the end of the QRS complex and the spatial maximum of the T 
wave. 


subjects. We found no systematic difference between 
the magnitude of these changes in the two groups (Fig. 
3). This finding is at variance with recent reports that. 
augmentation of the R wave during exercise can be used 
as an indication for the presence of coronary artery 
disease.?5 The R wave changes in that study?? were 
analyzed in a single lead only. Thus, the observed dif- 
ferences in R wave changes could be due to minor shifts 
in the location of the maximal QRS potentials at the 
chest wall (Fig. 1 and 2). Furthermore, the R wave 
changes are related to heart rate. At submaximal work 
loads, R wave amplitudes increase in normal subjects 
whereas decreased amplitudes occur at high heart 
rates.?? The differences between R wave changes in 
normal subjects and in patients may therefore be due 
also in part to the lower peak heart rates in the latter 
group. 

Finally, it has been suggested that the larger R wave 
changes observed in coronary artery disease are caused 
by enlarged left ventricular volumes due to myocardial 
dysfunction.?? However, experimental data supporting 
this mechanism are lacking. One study?? reported no 
relation between R wave changes and left ventricular 
volumes measured with blood pool scintigraphy. Data 
from our laboratory indicate that the R wave changes 
like the S- T changes, are dependent on the presence and 
location of a previous myocardial infarction (Table III). 
Thus more experimental and clinical data are required 
to define the significance of differences in QRS mea- 
surements among various groups of patients.?! 
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Changes in S-T segment: A wealth of information 
is available on the S-T segment changes during exercise. 
Both a horizontal or downsloping S-T segment de- 
pression and a slowly ascending S-T segment have been 
associated with coronary artery disease.?? The likeli- 

hood of an abnormal (ischemic) S- T segment response 
is greater when the S* T segment depression (1) is 
greater in magnitude, measured at the J point or up to 
80 ms after the QRS complex; (2) has a more horizontal 
or negative slope; (3) occurs at a reduced heart rate or 
earlier during the test; and (4) when it is associated with 
other symptoms such as chest pain and a lack of increase 
or decrease in systolic blood pressure. 


i 


Several studies have shown that the diagnostic value 


of exercise electrocardiography can be enhanced by 
computer processing, both in improving the signal/noise 
ratio and in applying specific measurements. Compar- 
ison of a large number of measurements has shown that 
the greatest diagnostic performance is obtained by a 
combination of S-T amplitudes and S-T slopes mea- 
- sured at fixed intervals after the QRS complex in the 

first 100 ms of the S- T segment. Such measurements 
were superior to S-T time integrals, time-normalized 
.S-T amplitudes and polynomial fits of the S-T seg- 
 ment.?0.33-36 The optimal points in which measurements 
| should be taken are dependent on the algorithms for 
| definition of the onset and end of the QRS complex.?6?7 
The data in Figure 7 indicate that the best single mea- 
surement was the S- T amplitude 60 ms after the end of 
the QRS complex, and that a further improvement 
could be obtained by a combination of S-T amplitude 

with heart rate and with S-T slope. 
i Through visual reading of the exercise electrocardi- 
_ogram, changes in the S-T segment can be measured in 
steps of 0.1 mV (1 mm). Therefore, in clinical practice 








TABLE Ill 


Sensitivity Values of the Changes Between Rest and 
Highest Exercise Level in 53 Patients With Coronary Artery 
Disease (CAD) and a Normal Electrocardiogram at Rest; in 
49 Patients With a Previous Anteroseptal Myocardial 
Infarction (AMI) and in 61 Patients With a Previous 

- Posterior Wall Infarction (PMI) 
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| A Variable CAD AMI PMI 
= Pmax 
| Epod X 19/53 (0.35) 19/49 (0.38) 26/61 (0.42) 
E QR 
|». 6/8LeadX 19/53 (0.35) 28/49 (0.57) 22/61 (0.16) 
|». 7/8 Lead Y 6/53 (0.11) 5/49 (0.10) 22/61 (0.36) 
|». 7/8LeadZ 18/53 (0.33) 4/49 (0.08) 23/61 (0.37) 
E ST 
|. 70 Lead X 34/53 (0.64) 9/49 (0.18) 29/61 (0.47) 
|. 90Lead Y 37/53 (0.69) 11/49 (0.22) 28/61 (0.45) 
|. TOLead Z 11/53 (0.20) 4/49 (0.08) 19/61 (0.31) 
S-T 
4/8 Lead X 7/53 (0.13) 7/49 (0.14) ^ 30/61 (0.49) 
5/8Lead Y 23/53 (0.43) 3/49 (0.06) 23/61 (0.37) 
5/8 Lead Z 8/53 (0.15) 25/49 (0.51) 3/61 (0.04) 


The variables with the highest sensitivity values in each group have 
been included. Threshold levels were selected so that the specificity 
was 90 percent in a group of 87 normal subjects. Unidentified abbre- 
viations as in Table Il. 


the same criteria are applied to various leads. When 
more accurate measurements are taken with the aid of 
a computer system, specific criteria should be developed 
for each lead or combination of leads. Such quantitative 
data provide the additional advantage of expressing the 
changes in the electrocardiogram as a probability figure 
indicating the degree of normality or abnormality.?5.58 
'This seems a more logical approach than a yes or no 
statement, based on arbitrary threshold values for S-T 
segment measurements. 


Discussion 


Approaches to optimal exercise electrocardiog- 
raphy: Two approaches to optimal exercise electro- 
cardiography have been described. The first approach 
is the analysis of a large number of electrocardiographic 
leads. Whole body surface potential distributions during 
and after exercise have been studied in a small series of 
patients. Larger series have been reported by Fox et 
al.,12:14 who recorded 16 precordial leads in a 4 by 4 
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FIGURE 7. Comparison of the sensitivity and specificity of various S-T 
amplitudes in two groups of subjects studied at the Thoraxcenter in 
Rotterdam (R) and at the St. Antonius Hospital in Utrecht (U), The 
Netherlands (see Ref. 36). In Rotterdam 73 patients with coronary artery 
disease were compared with 125 healthy volunteers without coronary 
arteriography. In Utrecht, the group consisted of 51 “normal” patients 
with chest pain but without significant lesions at coronary arteriography, 
and of 96 patients with coronary artery disease. All subjects had a 
normal 12 lead electrocardiogram at rest. In addition, the Utrecht 
subjects had a normal exercise test at a previous occasion. This ex- 
plains the lower sensitivity obtained in Utrecht for the same criteria.°® 
Visual reading of the electrocardiograms yielded sensitivity levels of 
50 and 26 percent and specificity levels of 95 and 100 percent in the 
Rotterdam and Utrecht groups, respectively. Thresholds for the various 
computer measurements were selected so that the specificity was 90 
percent in the 125 normal subjects from Rotterdam. Note that the best 
single measurement in both groups was the S-T amplitude 60 ms aftar 
the end of the QRS complex. A further improvement could be obtained 
by combination of the S-T amplitude with heart rate (HR 60) and by a 
combination of two S-T amplitudes, or S-T amplitude and slope, with 
heart rate (HR 20-80). 
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array. A visual reading of these electrocardiograms 
yielded improved diagnostic value in comparison with 
the standard 12 leads. Such a lead system can easily be 
applied; however, it does not represent the whole body 
surface potential distribution. The second approach 
requires a more detailed computer analysis of a few 
leads. With such analysis, a similar diagnostic im- 
provement has been reported as with the 16 lead pre- 
cordial map. 

The next step should be a combination of both ap- 
proaches. 'This requires recording of precordial and 
whole body surface potential maps both during and 
after exercise in a large series of patients. The normal 
range of measurements from the QRS complex and the 
S-T segment should be defined for each lead position. 
These normal ranges will probably be related to sex, age, 
body dimensions and heart rate during exercise and 
possibly to the type of test protocol that is used. From 
such material the optimal combination of leads and 
criteria can be defined. 

It is possible that further studies will provide better 
criteria for exercise electrocardiography than those 
presented in this study. However, the additional gain 
will be limited because both precordial mapping and 
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computer analysis already yield sensitivity levels of 80 
to 90 percent at a specificity of 90 to 95 percent.!2,2035 


This improvement in sensitivity of the exercise elec- 


trocardiogram by computer processing or by precordial 3 


mapping is of the same magnitude as the improvement 
obtained by nuclear imaging techniques.??-4! 


Clinical implications: Ever the most sophisticated 


analysis of the exercise electrocardiogram cannot re- 
place clinical judgment based on a combination of all 


data available in a given patient. These data should ~ 
include a careful history, determination of exercise | 


tolerance and the hemodynamic response to exercise as 


well as, in some patients, analysis of wall motion and — 


global ventricular function from blood pool scinti- 


grams?? and an estimation of myocardial perfusion . 
patterns and cell function from thallium scinti- - 


grams.^! 
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Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atria! fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. /ncrease in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ecfopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obséruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex® (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: /ncreased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects.) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—Infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
ond Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 mi prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage—the rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Infusion Delivery Rate 


Drug Delivery! Se eee ly 
Rate 250 mcg/mi* 500 mcg/mlt 1000 mcg/mit 
(meg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 


15 0.06 0.03 0.015 
* 250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
11000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patient's response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. (081678) 


Additional information available to 
the profession on request. 

S en, Eli Lilly and Company 
Indianapolis, Indiana 46206 
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Apex 215M is a fully integrated nuclear system 
designed specifically for the cardiologist. 

Apex 215M fulfills all the requirements of modern 
nuclear cardiology. Compact, exceptionally 
maneuverable, easy to position and extremely 
versatile, it combines superb single-crystal image 
quality with the ultra-high count rates previously 
obtainable only with low-resolution multicrystal 
cameras. 


elsScint inc. 


138-160 Johnson Avenue, 
Hackensack, N.J. 07602, U.S.A. 


Call toll Free: 800-631-1694 


Universal Cardiological Capability 


Crystal Clear First-Pass Examinations at count rates 
as high as 500,000 CPS and resolutions as fine as 

1.8 mm (bar phantom). Unobstructed RAO dynamic 
views of distinct clarity. 

Ultra-Fast Equilibrium Gated Dynamics at 
unprecedented combinations of frame rate and 
resolution (64 frames per heart cycle for 64? matrices), 
at rest or during exercise. 

Superior Quality Static Myocardial Imaging with 
either *?Tc pyrophosphate or ??'TI. Images acquired 


and displayed on 512? matrices with 256 gray levels. 


A Set of Dedicated Cardiological Programs, 
Continuously Enriched 


Touch a functional pushbutton, and Apex 215M 
provides: 

m Up to three simultaneous cine-views. 

æ Wall motion visualization and quantification. 

m Ejection Fraction and Ejection Rate calculation. 
@ Remaining Fraction calculation. 


m Static or dynamic Regional Ejection Fraction Imaging. 


= End Diastole/Systole Volumes. 

ig Shunt quantification. 

Programs unique to the Apex Line include special 
algorithms for diagnosing ventricular-atrial 
regurgitation and ventricular aneurysms. A whole new 
series of Apex clinical programs is now being tested. 
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- CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
d conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
W. GS: Cardiac Failure— Sympathetic stimulation may be a vital component sup- 
- porting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although beta-blockers should be avoided 
- jn overt congestive heart failure, if necessary, they can be used with caution in patients 

- with a history of failure who are well-compensated, usually with digitalis and diuretics. 
Beta- ic blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued 
use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
‘symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 

- or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
_| beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
.| have occurred after abrupt discontinuation of such therapy. When discontinuing chronic 
use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
| dosage over a l- to 2-week period and carefully monitor the patient. Reinstitute 
nadolol promptly (at least temporarily) and take other measures appropriate for 
.| management of unstable angina if angina markedly worsens or acute coronary in- 
sufficiency develops. Warn patients not to interrupt or discontinue therapy without 
physician's advice. Because coronary artery disease is common and may be 

ized, it may be prudent not to discontinue nadolol therapy abruptly even 

. | in patients treated only for hypertension. 

















.. Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — PATIENTS WITH 
. BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
- BLOCKERS. Administer nadolol with caution since it may block bronchodilation pro- 
| duced by endogenous or exogenous catecholamine stimulation of beta; receptors. 

Major Surgery — Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been sug- 
 gested that such therapy should be withdrawn several days prior to surgery. Recognition 

of the increased sensitivity to catecholamines of patients recently withdrawn from beta- 
blocker therapy, however, has made this recommendation controversial. If possible, 
withdraw beta-blockers well before surgery takes place. In emergency surgery, inform 
_ the anesthesiologist that the patient is on beta-blocker therapy. Use of beta-receptor 
E such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse the 
_ effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been 
reported with beta-adrenergic receptor blocking agents. 
_ Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the appearance 
_ of premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of 
_ acute hypoglycemia. This is ially important with labile diabetics. Beta-blockade also 
_ reduces release of insulin in response to hyperglycemia; therefore, it may be necessary to 


| adjust dose of antidiabetic R 
.. Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g., 
tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
blockade which might precipitate a thyroid storm, carefully manage patients. suspected 
of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with caution in 
presence of either of these conditions (see DOSAGE AND ADMINISTRATION sec- 
tion of package insert). 

_ Information for Patients — Warn patients, especially those with evidence of coronary 
artery insufficiency, against interruption or discontinuation of nadolol without physician's 
advice. Although cardiac failure rarely occurs in properly selected patients, advise 
patients being treated with beta-adrenergic blocking agents to consult physician at first 
sign or symptom of impending failure. 

Interactions — Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. When treating patients with 
nadolol plus a catecholamine-depleting agent, carefully observe for evidence of hypoten- 
EM and/or excessive bradycardia which may produce vertigo, syncope, or postural 
iypotension. 
Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years’ oral 
toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 
— In animal reproduction studies with nadolol, evidence of embryo- and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 
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A 49 year old man had severe refractory Prinzmetal's variant angina and © 
angiographically documented coronary arterial spasm of a dominant - 
circumflex artery. The spasm was provoked by methergine (an ergot al- | 
kaloid) and seemed resistant to various forms of medical therapy including — 
administration of nitrates, nifedipine, verapamil, diltiazem and amiodarone. 
The attacks of angina at rest persisted at the rate of 7 to 15/day and were | 
frequently associated with atrioventricular (A-V) block. 1 
After unsuccessful plexectomy performed in another institution, the - | 





patient underwent complete cardiac denervation (produced by auto- 
transplantation). The follow-up data have interesting implications in 
relation to treatment of refractory variant angina, as well as possible - 
mechanisms of coronary arterial spasm. 
| 


The treatment of patients with normal or near normal coronary arteri- | 
ograms in whom coronary arterial spasm seems to be the main cause of | 
myocardial ischemia is not yet well defined. Therapy usually includes | 
administration of short- and long-acting nitrates and more recently'? | 
calcium antagonists have become very popular because of their smooth 
muscle-relaxing effect. Nifedipine is believed to be one of the most potent 
agents for that purpose and has proved very effective in preventing | 
coronary spasm.?-? However, a few patients are refractory to all therapy | 
and continue to have severe attacks despite adequate doses of nitrates — 
and calcium antagonists. | 

Some studies suggested that spasm may result from stimulation of 
the sympathetic nervous system by activation of the alpha (vasocon- 
strictor) receptors. Denervation was therefore considered as a possible 
intervention in the treatment of refractory spasm. Grondin and Limet? 
and we?? have discussed the usefulness of plexectomy associated with 
aortocoronary bypass grafting in the treatment of patients with 
Prinzmetal's variant angina and stenotic coronary lesions suitable for 
bypass surgery. Clark et al.!? described two patients in whom total de- 
nervation was attempted by means of cardiac autotransplantation. This 
study deals with the effects of total cardiac denervation in a patient with 
severe refractory coronary arterial spasm and analyzes the clinical and 
pathophysiologic implications. 


- - die. 


Case Report 


Previous history: A 49 year old man had experienced anginal pain at rest 
since December 1977. On February 25, 1978 a severe anginal attack accompanied 
by syncope resulted in his admission to the coronary care unit of a university 
hospital in another city. During an attack the electrocardiogram showed S-T 
segment elevation in leads II, III and aVF followed by the appearance of atrio- 
ventricular (A-V) block. Coronary arteriography showed “angiographically 
normal” coronary arteries. Provocative testing with ergonovine (0.4 mg ad- 
ministered intravenously) resulted in spasm totally occluding a large normal 
left circumflex coronary artery (Fig. 1). The spasm was associated with chest 
pain and S-T segment elevation and was immediately relieved with nitroglycerin. 
The patient was treated with large doses of isosorbide dinitrate but pain per- | 
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— sisted. He then received diltiazem, a new calcium antagonist, 


but in spite of large doses of this drug the attacks of pain 
persisted. Because medical therapy was not successful a 
plexectomy was performed. However, the operation was be- 


* lieved to be unsuccessful because no nervous structures were 
— found in the resected tissues and the attacks of chest pain 


became more frequent. A permanent cardiac pacemaker had 
to be implanted because the attacks were frequently associ- 


ated with complete A-V block and syncope. 


D—UNSTE 


Clinical course: The patient was admitted to our hospital 
on January 29, 1979. He was having frequent attacks of angina 
at rest. The continuous electrocardiographic recording doc- 
umented 7 to 15 ischemic episodes/day. Some of these epi- 
sodes were accompanied by S-T segment elevation and others 
by S-T depression. Coronary arteriography was repeated (Fig. 
2): The vessels were again angiographically normal and pro- 
vocative testing with methergine (0.4 mg administered in- 
travenously) induced spasm in the same vessel (left circumflex 
artery), at the same site and time after injection as during the 


previous study. Various medical regimens were tried, in- 


cluding nifedipine (60 mg/day), verapamil (360 mg/day) and 
propranolol (120 mg/day), with no success. Amiodarone 
(which some of us have used successfully) was given, but in 
spite of large doses (1,600 mg orally and 600 mg intravenously) 
the anginal attacks persisted and the patient remained se- 
verely ill. 

Complete surgical denervation (autotransplantation): 
After 2 months of various medical therapies it was decided to 
attempt total denervation rather than plexectomy, which is 
usually performed in these cases in our institution because the 
latter was believed technically difficult, considering the pre- 
vious attempt. Complete denervation was performed on 
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D FIGURE 1. March 1978: Spasm of normal left circumflex coronary artery (left anterior oblique projection). A, before methergine. B, after mether- 
. gine. 


March 23, 1979 by an autotransplantation technique similar 
to the one reported by Clark et al.!? Both atria were com- 
pletely resected as well as the ascending aorta and main pul- 
monary artery. After removal of the heart, it was resutured 
in place in a manner similar to that used in homotransplan- 
tation. Shortly after operation the patient was well and ex- 
perienced no attacks of anginal pain. The postoperative course 
was complicated by low cardiac output, which necessitated 
the administration of inotropic drugs. Epinephrine, a drug 
well known for inducing spasm, was infused at a rate of 4 
mg/day during 9 days, but no attacks were observed. During 
the postoperative period continuous electrocardiographic 
recordings failed to detect S-T segment changes. The attacks 
completely disappeared and just before discharge from the 
hospital a coronary arteriography was performed for a third 
time. The coronary arteriogram remained normal, but after 
injection of 0.4 mg of methergine it was possible to observe 
spasm again in the same segment of the circumflex artery. 
During spasm the patient had no pain but the electrocardio- 
gram showed S-T segment elevation in lead III (Fig. 3). The 
patient was discharged on April 27, 1979. 

Follow-up: This patient is an alcoholic and was admitted 
many times to various institutions for acute alcoholic intoxi- 
cation. On each occasion, he was examined and resting and 
ambulatory electrocardiographic recordings were obtained. 
Sometimes he described atypical pain of the thoracic wall, but 
angina or angina-like pain totally disappeared. Moreover, 
continuous electrocardiographic recordings failed to detect 
S-'T segment changes. On January 1980, a continuous elec- 
trocardiographic recording was negative but a provocative test 
with methergine induced S- T segment elevation in leads IT, 
III and aVF without pain. 
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FIGURE 2. March 1979: Methergine induced spasm at the same site, totally occluding an ‘‘angiographically normal'' circumflex artery (lateral pro- 
jection). A, before methergine. B, after methergine. 





FIGURE 3. April 1979, after complete denervation of the heart. Persistent provoked spasm of the circumflex artery (right anterior oblique projection). 
A, before methergine. B, after methergine. The electrocardiogram below shows S-T segment elevation in lead Ill. Atrioventricular block occurs 
followed by cardiac pacing. 
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Discussion 


. Role of methergine-induced coronary spasm: 
This case is very much similar to one reported in 1977 
by Clark et al.!? These investigators performed com- 
plete denervation in two patients; one died but the other 
is well after a follow-up period of 3 years. However, like 
the patient in our study, their patient had spasm in- 
duced by ergonovine after operation. Some authors! .!? 


have stated that denervation of the heart was ineffective 
_in suppressing coronary arterial spasm. Our experience 
_ in this case leads us to question such conclusions. In our 
. patient methergine induced spasm on three occasions 
- in the same area of the circumflex artery before and 


after operation. It is possible that this segment of the 
left circumflex coronary artery has an excessive reac- 
tivity to methergine. Moreover, our data confirm the 


. previous observation of Cipriano et al.,!? who found a 


similar degree of coronary arterial narrowing in trans- 


_ planted hearts and in patients with normally innervated 


hearts, suggesting that the effects of ergot alkaloids may 


- be independent of external neural control. 


'The provocation of spasm after complete denervation 


- may not necessarily mean that the operation was inef- 
- fective for the control of spontaneous coronary arterial 
- spasm. In our patient, as in that of Clark et al.,!? pain 
- completely disappeared in strong contrast to the pre- 
operative clinical situation. It is possible that the 
- pathways of transmission of pain were interrupted be- 
. cause the patient had no pain during methergine-in- 
- duced spasm and S-T segment elevation. The disap- 
- pearance of chest pain cannot be used as a proof of 
- control of the vasospastic phenomenon. Nevertheless, 
after complete denervation prolonged continuous 
- electrocardiographic recordings failed to detect any of 
- the ischemic changes observed in the recordings per- 
J— formed before operation. This, we believe, is the best 
evidence supporting the effectiveness of the opera- 


. 


tion. 
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Possible mechanisms of coronary spasm and role 
of surgical denervation: Finally, three hypotheses 
may be considered in our case: (1) There was a segment 
of the left circumflex coronary artery with an excessive 
vasoconstrictor reactivity leading to spasm easily in- 
duced by ergot alkaloid. (2) Before operation, one pos- 
sible mechanism of induction of spasm could have been 
the nervous stimulation of this “trigger zone.” (3) After 
operation this zone could not be stimulated by the au- 
tonomic nervous system, thus leading to the disap- 
pearance of the spontaneous attacks and electrocar- 
diographic changes. However, this singular area of the 
artery remained sensitive to other stimuli and especially 
to ergot alkaloids that were able to induce spasm with 
electrocardiographic changes indicating ischemia, 
probably by direct action on the vessel wall. 

However, the variability of the overall course of var- 
iant angina necessitates cautious interpretation of these 
facts. The cyclical nature of variant angina is such that 
long remissions may occur and optimism concerning 
this exceptional operation has to be tempered with 
caution. However, these kinds of observations may be 
pivotal in solving the mystery of coronary spasm. 


Addendum 


More recently the patient was admitted to the Uni- 
versity Hospital of Marseille because he experienced 
spontaneous chest pain at rest. During an episode of 
pain at rest S-T segment elevation was recorded in leads 
II, III and aVF and S-T depression in leads I, aVL and 
V; to Ve. Two days later a provocative test with meth- 
ergine induced S-T depression in leads V2 to Ve with 
pain. Thus, the question arises whether the recurrence 
of chest pain is related to the cardiac reinnervation. 
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Structure and Function of the Circulation, Volume 2, edited by 
Colin J. Schwartz, Nicholas T. Werthessen and Stewart Wolf. 
New York, Plenum Press, 1981, 848 pages, $75.00. 


The Study of Heart-Rate Variability, edited by R. I. Kitney and 
O. Rompelman. Oxford, Clarendon Press, 1980, 246 pages, 
$65.00. 


Troubleshooting Pacing Problems. St. Paul, Cardiac Pace- 
makers, Inc., 1980, 169 pages. 


Two-Dimensional Echocardiography, edited by Joseph A. 
Kisslo. New York, Churchill Livingstone, 1980, 204 pages, 
$20.50. 


The Year Book of Cardiology 1980, edited by W. Proctor Harvey, 
Walter M. Kirkendall, John W. Kirklin, Alexander S. Nadas, Leon 
Resnekov and Edmund H. Sonnenblick. Chicago, Year Book 
Medical, 1980, 416 pages. 
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X Description: Each 15 ml (tablespoonful) supplies 20 mEq of 
: elemental potassium (as potassium gluconate, 4.68 g) with 
saccharin and aromatics. Alcohol 5%. 


Indications: Kaon Elixir is indicated for the treatment of potas- 
sium depletion in patients with hypokalemia, for the treatment 
of digitalis intoxication, and for the prevention of potassium 
depletion when the dietary intake of potassium is inadequate. 
Prophylactic administration may be indicated in patients 
receiving digitalis and diuretics for the treatment of congestive 

s heart failure; hepatic cirrhosis with ascites; patients with 

4 hypertension on long-term diuretic therapy; patients on corti- 
costeroid therapy; hyperaldosteronism states with normal renal 
function; the nephrotic syndrome; and certain diarrheal states. 


Contraindications: Potassium supplements are contraindicated 
in patients with hyperkalemia. Hyperkalemia may complicate 
any of the following conditions: Chronic renal failure, systemic 
acidosis such as diabetic acidosis, acute dehydration, extensive 
tissue breakdown as in severe burns, adrenal insufficiency, or 
the administration of a potassium-sparing diuretic 

(e.g. spironolactone, triamterene). 


Warnings: Do not administer full strength. Kaon Elixir may cause 
gastrointestinal irritation if administered undiluted. In patients 
with impaired mechanisms for excreting potassium, the 
administration of potassium salts can produce hyperkalemia 

and cardiac arrest. Potentially fatal hyperkalemia can develop 
rapidly and be asymptomatic. The use of potassium salts 

in any condition which impairs potassium excretion requires 

AE particularly careful monitoring of the serum potassium 

, 4 5 concentration and appropriate dosage adjustment. 



































d 43 Hypokalemia should not be treated by the concomitant 
f s7 administration of potassium salts and a potassium-sparing 
P ^k i d diuretic (e.g. spironolactone or triamterene). 
4’ Precautions: The diagnosis of potassium depletion is ordinarily 
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made by demonstrating hypokalemia in a patient with a 

clinical history suggesting some cause for potassium depletion. 
In interpreting the serum potassium level, acute alkalosis per se 
can produce hypokalemia in the absence of a deficit in total 
body potassium, while acute acidosis per se can increase the 
serum potassium concentration into the normal range even in 
the presence of a reduced total body potassium. The treatment 
of potassium depletion, particularly in the presence of cardiac 
disease, renal disease, or acidosis, requires careful attention to 
acid-base balance and appropriate monitoring of serum 
electrolytes, the electrocardiogram, and the clinical status of the 
patient. In hypokalemic states, hypochloremic alkalosis is a 
possibility that may require chloride as well as potassium 
supplementation. In these circumstances, potassium replace- 
ment with potassium chloride (e.g. Kaochlor 10% Liquid, W-T) 
may be more advantageous than with other potassium salts. 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort have been reported. The symptoms and 
signs of potassium intoxication include paresthesias of the 
extremities, flaccid paralysis, listlessness, mental 
confusion, weakness and heaviness of the legs, fall in 
blood pressure, cardiac arrhythmias, and heart block. 


Overdosage and Treatment of Hyperkalemia: 
Hyperkalemia can occur from overdosage or during 
one of several medical conditions. It should be treated 
immediately by one or more of the following: 
1) Intravenous administration of 300 to 500 ml /hr of 
10% dextrose solution containing 10-20 units of 
crystalline insulin per 1,000 ml. 2) administration 
of sodium or ammonium cycle exchange resins 
orally or as retention enemas; 3) hemodialysis or 
peritoneal dialysis; 4) elimination of potassium 
containing foods. Caution: Digitalis toxicity can 
occur if the serum potassium is lowered too 
rapidly. 
How Supplied: Pints and gallons in Grape and 
Lemon-Lime flavors; 15 ml Stat-Pak and 4 fl. oz. 
in Grape flavor only. 
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Vintage potassium that’s always in good taste. 
Ms E + 
Kaon Elixir 


potassium gluconate) 


20 mEq per 15 ml 


* Pleasant tasting grape or lemon-lime flavors * Well accepted—good patient tolerance 


* Prescribed with confidence for 26 years * One tbsp. in 1 oz or more of water supplies 
20 mEq potassium (as gluconate) ! 
Adria Laboratories Inc., Columbus, Ohio 43215 
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Brings you up-to-date Congestive Heart Failure )* 
on basic research Mechanisms, Evaluation and Treatment 


and clinical progress Dean T. Mason, M.D. 


This rare treatment of such a multifaceted About the author . . . Dean T. Mason, M.D. ! OS 
subject provides.an unusual opportunity for = Professor of Medicine, Professor Physiology, Chief of Cardiovascular Medicine, University of California, 
the busy clinician to add to his knowledge School of Medicine, Davis à ACTA. BT 
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extracted. The concentration on improved Has authored more than 400 original articles on cardiovascular science and clinical cardiology. 
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clinical management will be appreciated — cero on the editorial boards of The American Journal of Cardiology, The Journal of Clinical Investiga- 
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FERGA = E deictandils ot -cóngdetive State Department and the American College of Cardiology. 


heart failure: mechanisms, evaluation and 


treatment. Fifty-six recognized authorities YORKE MEDICAL BOOKS 666 Fifth Avenue, N.Y., N.Y. 10103 
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contributing their expertise to make this Please send me a copy of CONGESTIVE HEART FAILURE 
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basic research and clinical progress has (3 Full payment enclosed, publisher absorbs shipping (PLEASE PRINT) 
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Order and take 30 days to look over the in U.S. funds. 
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,does away with the substantial cost 
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ECG electrode pads — providing great 
convenience as well as economy. 
e Signa Pad my be used with all electrodes 
or single or multi-channel ECG's. 
e Remove Signa Pads one at a time, or as 
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e Signa Pad saves preparation and clean-up time. 
e Signa Pad eliminates residue build-up. 
e Signa Pad is antiseptic, bacteriostatic, non- irritating. 
e One-hand pad removal: Signa Pad dispenser is 
mounted for easy use. 
WITH SIGNA PAD, THE COSTS AND INCONVENIENCES OF 
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Introducing Dilatrate’sr...for proven 
12-hour activity, when compared will 
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 hnitrate delivery system that À nitrate delivery system with 
provides proven 12-hour activity- helps ^ a constant release rate not dependent on 
give angina patients a more normal life ^ gastric pH or enzymes 


DILATRATE-SR demonstrated sustained levels of In DILATRATE-SR, an advanced microdialyzing 
¢ activity compared to the most widely used long- membrane meters the release of nitrate. The water- 
acting ISDN in an evaluation of data "owe r activated membrane continually adjusts 


measuring diastolic amplitudes,’ a 
sensitive measure of nitrate activity.? 


With b.i.d. dosage, DILATRATE-SR may 
offer clear benefits for angina patients: 
fewer attacks, less fear and apprehen- 
sion, reduced need for nitroglycerin. 
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Now for angina prophylaxis, Dilatrate"sn... 
proven I2-hour activity, when compared with the leading 
long-acting isosorbide dinitrate product. 
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Dilatrate-sn 
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A nitrate delivery system that provides proven 
12-hour activity levels 


A delivery system with a constant release rate 
not dependent on gastric pH or enzymes 
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lead a more normal life 





BRIEF SUMMARY 


* Indications: Based on a review of the drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as 
follows: 


Possibly effective: For the relief of angina pectoris (pain of 
coronary artery disease). Dilatrate is not intended to abort 


the acute anginal episode, but is widely regarded as useful 
in the prophylactic treatment of patients with angina 
pectoris. 


Final classification of the less-than-effective indication 
requires further investigation. 


CONTRAINDICATION: Idiosyncrasy to this drug. 


WARNINGS: Data supporting the use of nitrates and nitrites during 
the early days of the acute phase of myocardial infarction (the 
peNod during which clinical and laboratory findings are unstable) 
are sufficient to establish safety. 


m CAUTIONS: Tolerance to this drug, and cross tolerance to 


Osher nitrates and nitrites may occur. 








ADVERSE REACTIONS: Cutaneous vasodilation with flushing. 
Headache is common and may be severe and persistent. Transient 
episodes of dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension may occa- 
sionally develop. This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine, and many other 
agents. An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite, and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and 
collapse) can occur even with the usual therapeutic dose. Alcohol 
may enhance this effect. Drug rash and/or exfoliative dermatitis 
may occasionally occur. 


For full prescribing information, consult package insert. 
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and Bean HS (eds); Recent Advances in Pharmaceutical Sciences, Vol. 5, Academic Press, in press. 
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LETTERS TO THE EDITOR 


ee 


MAXIMAL EXERCISE CAPACITY OF CHILDREN WITH 
HEART DEFECTS 


Alpert et al.! have obtained an excellent invasive hemody- 
namic study during submaximal exercise on 20 children, with 


left heart lesions, most of whom were older than 11 years of 
age. Our own noninvasive study? suggested that only about - 


10 percent of children in similar diagnostic categories had an 
exercise capacity below the 10th percentile of a normal pop- 


. ulation, results fairly similar to those reported by Alpert et 


al. I fail to understand these authors' comment that our 
treadmill evaluations “included younger children who may 
have unknowingly performed submaximal tests." The ques- 
tion of what is a maximal or a truly exhausting exercise test, 
or a near maximal test or a poor effort will always be with us 
in stress testing and this is true for all maximal stress tests 
whether the subjects are old children, young children, serious 
athletes or unfit adults. This is one reason that postexercise 


v lactate measurements are routinely done in our exercise lab- 


oratory. The child knows very well whether a nearly maximal 
effort was made or not; it is the exercise supervisor who is the 
unknowing person. Our results for maximal heart rate were 
published, and were higher than any previously reported for 

- patients with heart disease (over 200 beats/min); Alpert et al. 
did not give their heart rates. Our subjects were compared with 
normal subjects studied in the same laboratory under the same 
conditions. Alpert et al. compared their patients with normal 
standards established in another country thousands of miles 
away under very different conditions; our results were ob- 
tained on a treadmill where it is much easier to obtain a truly 
maximal effort from children. Alpert et al. used a bicycle 
where leg fatigue is nearly always the limiting factor. Our 
subjects were not stopped because of an arbitrary electro- 
cardiographic change; some of the subjects of Alpert et al. 
apparently were. I suggest that the inference that their 
subjects exercised maximally (on the upright ergometer) and 
our younger subjects may not have is unfounded and mis- 
leading. Publication of their subjects' heart rates might settle 
the issue. — 

Gordon R. Cumming, MD, FACC 

Section of Cardiology, 

Children’s Centre 

Health Sciences Centre 

Winnipeg, Manitoba, Canada 
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REPLY 


As Cupit suggests, the normal values we utilized were from 
patients studied in Great Britain, not Canada, and the 
translation from ergometer exercise to treadmill exercise is 


. difficult. Our observations were that patients in the pressure 


- overload lesions had work loads that averaged 104 and 92 
pgfcent of predicted. Although it is difficult to decide which 
Cumming's control groups to use (that is, normal clinic 
ildren or normal schoolchildren), from his data,we would 
ave expected a few of our limited number of patients to have 
ad a decreased work load ability. - 


The mean heart rates (beats/min) for the clinical groups in 
our study were as follows: Ia, 192; Ib, 185; IIa, 185; IIb, 180; III, 
184; IV, 170. As we noted in our study, the patient in group IV 
stopped exercise because of an arrhythmia. If one compares 
these values with those of Cumming, we may be comparing 
“apples with oranges" because we are comparing work load 
with his endurance times, obtained by protocols with different 
duration of stages. 

We agree that the use of the term “maximal” test is the 


subject of great debate. Although we did not measure lactate | 
levels to document that our tests were maximal, both venti- - 
latory and work load responses were in the previously de- - 
scribed “maximal” range. In Cumming's study, markedly — 


different results were obtained when two “normal” popula- 
tions were studied. We support the concepts that many chil- 
dren with minor defects or functional murmurs are restricted 
unnecessarily and that children brought to the hospital for 
exercise testing are less likely to perform as well. If we are all 
concerned with obtaining true maximal tests, the conditions 
that lead to the highest pulse rates, work loads, endurance 
times, and so forth should be used to determine normal values. 
Unfortunately, this does not allow comparison with hospi- 
talized patients. The ideal situation for clinical use would be 
to recruit healthy schoolchildren to perform exercise tests in 
a hospital setting. 

Bruce S. Alpert, MD, FACC 

Section of Pediatric Cardiology 

The Medical College of Georgia 

Augusta, Georgia 

Kenneth R. Bloom, MB, FACC 

Division of Cardiology 

Department of Medicine 

Brooke Army Medical Center 

Fort Sam Houston, Texas 

Christopher J. Newth, MB, FRCP(C) 

Division of Respirology 

Peter M. Olley, MB, FACC 

Division of Cardiology 

The Hospital for Sick Children 

Toronto, Ontario, Canada 


CORONARY HEART DISEASE AND SUDDEN DEATH 
WHILE RUNNING 


Waller and Roberts! recently reported 5 cases confirming our 


observations? in 18 cases that coronary heart disease is the © 
major cause of death for middle-aged athletes. T'his agree- 


ment, despite our use of techniques that in their opinion are 
“a relatively inaccurate method of obtaining morphologic 
cardiac information," is gratifying to us. Nevertheless, there 
are several differences between our series and theirs. 


Waller and Roberts report on only one symptomatic subject | 


despite finding myocardial infarctions in four cases. We 
queried families with a standardized questionnaire and found 
that in 6 of 13 cases of coronary heart disease there had been 
recent prodromal symptoms but recent or old myocardial 
infarctions had been found at autopsy in only 4. We also found 
that in seven cases (including two with recent infarction) ei- 
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ther a recent coronary arterial thrombosis or hemorrhage had 
occurred? Waller and Roberts mentioned no such lesions de- 
spite use of a clearly superior examination technique. Cho- 
lesterol levels in three of their cases were considerably higher 
than those presented in our cases and comparison groups and 


_ lead us to question the generalizability of their observations. 


Could the methods of case or medical history ascertainment 


. account for these differenees? 


These authors made several inaccurate references to our 
report. We did not state that our subjects had run “periodi- 


cally" or that “four had run for less than 6 weeks."! All but 


four of our subjects had been exercising regularly for at least 
a year and only two had exercised less than a month.? Contrary 


_ to their statement that prior studies supplied risk factor data 


for only four subjects, we presented cholesterol and blood 


_ pressure measurements in 10 of our 13 cases of coronary heart 
. disease. Moreover, their assertion that in 10 of our cases of 


coronary heart disease the subjects had evidence of this di- 
agnosis before they became runners or joggers is simply wrong. 
Only one subject had unequivocal evidence of coronary heart 
disease before becoming a runner although, in retrospect, 
three others had some evidence for this diagnosis. 

Paul D. Thompson, MD, FACC 

Department of Medicine 

Brown University School of Medicine 

The Memorial Hospital 

Pawtucket, Rhode Island 
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REPLY 
Thompson is correct in stating it is our opinion! that autopsy 


protocol review is a “relatively inaccurate method of obtaining 


morphologic cardiac information" as opposed to reexamina- 
tion of necropsy tissue by one or two examiners whose interest 


primarily is cardiovascular disease. In the three runners in 


whom the entire lengths of the three major arteries were 
available for sectioning at 5 mm intervals and in the coronary 
sections available in the other two runners, no coronary ar- 
terial thrombi or atherosclerotic plaque hemorrhage was ob- 
served. 

Family members and physicians of each of the runners were 


. contacted by telephone to obtain detailed histories regarding 


-13 June 1981 


symptoms of heart disease, running history and any recent 
change in health status. Our only symptomatic runner was 
asymptomatic for 8 years and had angina 2 years before death. 
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Differences regarding myocardial infarcts observed at ne- 
cropsy between our study and that of Thompson et al. may be 
a result of the definition of transmural infarct (greater than 
the inner half of the left ventricular wall) or the method of 
necropsy observation. 

We stated that the subjects in the study of Thompson et al. 
ran “periodically” because no specific information regarding 
running habits (distances run weekly and for how long) was 
provided. One definition of “periodic” is “happening or ap- 
pearing at regular intervals.” However, we did incorrectly 
state that two subjects had run less than 1 month when they 
had run between 1 month and 1 year (specific duration not 
given). Data on the 18 subjects of Thompson et al. were 
summarized collectively with little or no individual clinical 
or necropsy information provided. Our Table III summarizes 
information on seven runners previously reported on who are 
described individually in their respective reports. As stated 
in our paper after a reference to Table III, “information re- 
garding the serum cholesterol and systemic blood pressure 
levels and family history of coronary heart disease was sup- 
plied in only four patients" (four of the seven individuals in 
Table III). 

In the absence of individual subject histories regarding 
symptoms and risk factors provided by Thompson and col- 
leagues it is unclear how many subjects had some evidence of 
coronary heart disease. All except 3 of the 13 (that is, 10) 
subjects with coronary heart disease had been seen by their 
physician within 1 year of death: one had an abnormal myo- 
cardial perfusion scan, two had “prodromal symptoms" and 
one had “epigastric pain." Six of 13 had histories of systemic 
hypertension, chest pain, hyperlipidemia, diabetes mellitus 
or myocardial infarction. Three of eight runners and joggers 
had cholesterol levels greater than 200 mg/100 ml. Another 
patient with coronary heart disease had an “old inferior 
myocardial infarct" on the resting electrocardiogram. Thus, 
without specific individual information it appeared to us that 
*probably 10 of them [13] had evidence of coronary heart 
disease [in terms of risk factors, abnormal electrocardiogram, 
or altered symptoms] before they became runners or 
joggers." 

Bruce F. Waller, MD 

William C. Roberts, MD, FACC 
Pathology Branch 

National Heart, Lung, and Blood Institute 
Bethesda, Maryland 
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The following five abstracts are from the winning entries in the Young Investigators’ Awards Y 


Competition, 30th Annual Scientific Session, The American College of Cardiology, March 


15-19, San Francisco, California. 


First Place 


ELECTROPHYSIOLOGICAL RESPONSE OF VASCULARIZED HAMSTER 
CARDIAC TRANSPLANTS TO ISCHEMIA. R.F. Gilmour, Jr.,Ph.D. 
and Douglas P. Zipes, M.D., F.A.C.C.,Krannert Institute 
of Cardiology, Indiana University School of Medicine, VA 
Medical Center, Indianapolis, Indiana 46223. 


To study transmembrane electrophysiological properties 
of blood-perfused mammalian heart cells during normal per- 
fusion and during acute ischemia,1-2 mm cubes of neonatal 
hamster atrial and ventricular myocardium were transplan- 
ted to the adult hamster cheek pouch and studied with mi- 
croelectrodes 4-7 days later, when vascularization and 
spontaneous contractions occurred. Action potentials re- 
corded from the transplants were similar to those recorded 
from neonatal and adult hamster myocardium studied in 
vitro. Interrupting blood flow to spontaneously beating 
transplants reduced diastolic depolarization and suppress- 
ed automaticity. After automaticity ceased, the trans- 
plants were paced using a bipolar electrode or intracell- 
ular microelectrode. Action potential amplitude, resting 
potential and dV/dt,,.,decreased during ischemia. Action 
potential duration and the intracellular current threshold 
for excitation increased initially,subsequently decreased 
to values less than control, and increased again prior to 
the onset of inexcitability. Conduction delay and block 
occurred during the later stages of ischemia. Depressed 
action potentials recorded during ischemia were suppressed 
by tetrodotoxin (10-°M) but not by verapamil (2X10-ÓM). 
These data indicate: 1) the electrophysiological proper- 
ties of cheek pouch cardiac transplants are normal; 2) 
ischemia suppresses transplant automaticity; 3) cellular 
excitability increases during the early stages of ischemia 
and decreases at a time when conduction delay and block 
occur, and 4) action potentials generated during the later 
stages of ischemia appear to be depressed fast responses, 
rather than slow responses. 


Second Place 


CLASSIFICATION OF INOTROPIC AGENTS BASED UPON THEIR 
EFFECTS ON INTRACELLULAR CALCIUM TRANSIENTS. J.P. 
Morgan, M.D.,Ph.D., Mayo Clinic, Rochester, MN 55901. 

Cat+ transients in intact mammalian ventricular 
muscle can be recorded by use of aequorin, a substance 
that emits light (L) when it combines with Ca**. Since 
Ca** plays a central role in excitation-contraction 
coupling, the effects of positive inotropic agents on L 
(i.e., Ca**) and tension (T) responses were studied in 
cat ventricular muscle microinjected with aequorin. 
The agents' effects on the amplitude and time course of 
L and T fell into four distinct patterns (T172 - half- 
time of decline from peak): 

LIGHT TENSION 

PATTERN PEAK TIME TO PEAK T PEAK TIME TO PEAK T 


I tht * uH At4 ++ "n 
II m +4 Ae 444 +4 tt 
III tt — <> ++ — — 
IV tt ^ + 4t — + 


These patterns are consistent with known actions of the 
various agents on the release of Catt from intracellu- 
lar stores, rate of uptake of Ca** by the sarcoplasmic 
iculum, and sensitivity of the myofilaments to Ca**. 
gents producing PATTERN I include beta-agonists, 
frequency of stimulation, papaverine, cholera toxin, 
obutylmethylxanthine, and dibutyryl cyclic AMP; 
ATTERN II, theophylline and caffeine; PATTERN III, 


. digitalis, *[Ca**]o, and vanadate; PATTERN IV, amri- 


none. This scheme is useful in evaluating drugs with 


unknown mechanisms of action and provides a basis for 
the selection of inotropic agerfs in therapeutics. 
Caffeine and theophylline may be of particular value in - 
combination with other inotropic agents since they 
increase the sensitivity of the myofilaments to Catt. — 
(Supported in part by USPHS grants HL 7111 and HL 

12186.) 
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Honorable Mention 


SELECTIVITY OF DOBUTAMINE FOR ADRENERGIC RECEPTOR SUBTYPES | 
R. Sanders Williams, MD and Timothy Bishop, BA, Duke 3 
University, Durham, NC 27710. J 
To test the hypothesis that dobutamine could have 
differential affinities for adrenergic receptor subtypes, 
and that such subtype selectivity could be related to its | 
unique pharmacologic effects, we assessed the ability of - 
dobutamine to displace adrenergic radioligands from mem- | 
brane receptors in a number of tissues of previously 
characcerized adrenergic receptor subtype. For beta t 
adrenergic receptors identified by (-) [3H] dihydroalpre- 
nolol (DHA), dobutamine had greater affinity for the 8] 
subtype (Kj 0.5 uM in rat heart and 2.6 uM in turkey 
erythrocyte) than for the 82 subtype (Kp 14.8 uM in frog | 
heart and 25.4 uM in rat lung) (p<.001). For alpha | 
adrenergic receptors, dobutamine had greater affinity for | 
the al subtype identified by [3H] prazosin (Kp 0.09 uM in | 
rat heart and 0.14 in rabbit uterus) than for the a2 sub- - 
type identified by [3H] dihydroergocryptine (DHE) (K5 9.3 — 
uM in human platelet) or by [3H] yohimbine (Kp 5.7 uM in | 
rabbit uterus) (p<.001). Like other 81 agonists, | 
dobutamine competition curves for DHA bindinc in rat 
hear: demonstrated two classes of binding sites, including 
a site of higher affinity than the single class of binding 
sites identified in the presence of guanine nucleotide. | 
However, unlike 82 or a2 agonists, dobutamine displace- 
ment of DHA binding in rat iung or of DHE binding in - 
human platelets was unaffected by guanine nucleotides. 
We conclude that dobutamine is selective for 81 as 
opposed to 82 and for al as opposed to a2 adrenergic A 
receptors. Furthermore, guanine nucleotide effects on 3 
dobutamine binding in vitro suggest that dobutamine is a  . 
81 agonist, but may have little intrinsic activity at 82 ` 
and a2 receptors. This subtype selectivity may provide 
at least part of the basis for dobutamine's distinctive 
pharmacologic properties in vivo. 


Honorable Mention 


INHIBITING PROSTAGLANDIN SYNTHESIS REDUCES VENTRICULAR AR- 

RHYTHMIA AND FIBRILLATION FOLLOWING CORONARY ARTERY OCCLU- . 
SION. R. K. Dix, Ph.D., and G. J. Kelliher, Ph.D.Medical 
College of PA., Phila, PA. E 


It has been reported that the exogenous administration 
of prostaglandins (PGs) during left anterior descending  - 
coronary artery occlusion (LADO) in experimental animals 
enhances sympathetic activity resulting in arrhythmia and © 
death. The purpose of this study was to determine if = 
removal of endogenous PGs, by inhibiting PG synthesis with - 
a cyclo-oxygenase inhibitor such as sulfinpyrazone (S) a 
(AnturaneR), could reduce arrhythmia and death following | 
LADO. S (30 and 100 mg/kg, iv) or vehicle was administer- - 
ed to anesthetized cats 1 hr before LADO, Following LADO . 
the amount of ventricular arrhythmia and the incidengt of - 
death was determined as well as the amount of dió 
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and norepinephrine released from the ischemic area. S at 
100 but nof 30 mg/kg significantly reduced the amount of 
arrhythmia as well as the incidence of death (p<.05). This 
dose of S also completely inhibited (p<.001) the release 
of prostacyclin as well as norepinephrine from the heart 
"which was associated with arrhythmia and death in control 
animals. S did not reduce infarct size (p>.05) following 
‘LADO in these animals. S was devoid of a direct antiar- 
‘rhythmic action since, a) in contrast to lidocaine (2-6 
mg/kg), it did not alter afrhythmia when injected as a 
bolus during the arrhythmic period following LADO, b) it 
did not increase the dose of digoxin required to produce 
arrhythmia or death. The results indicate that LADO pro- 
duces ischemia leading to PG formation which enhances no- 
repinephrine release resulting in ventricular arrhythmia 
and death, and that S acts indirectly to reduce arrhythmia 
and death following LADO by inhibiting PG synthesis. Fin- 
ally, this data may explain the effectiveness of S to re- 
duce sudden death reported in a recent clinical trial. 


; 
f 
| 


L 
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! Honorable Mention 


TWO-DIMENSIONAL ECHOCARDIOGRAPHIC ASSESSMENT OF WALL 
THINNING AND ITS RELATION TO PERFUSION DURING GRADED 
CORONARY STENOSIS. Natesa Pandian, MD; Richard Kerber, 
MD, FACC, Dept of Med, Univ of Iowa Hosp, Iowa City, Ia. 










. The American College of Cardiology's Learning Center is located at 
the College's headquarters in Bethesda, Maryland. The purpose of the 
Learning Center is to support professional commitment to quality patient 
care by providing a standard of excellence in continuing medical edu- 
cation. 
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Program 
Number Date Program Director 
326 June 1-3 Shahbudin H. Rahimtoola, MD 
327 June 11-13 Robert G. Tancredi, MD 
329 June 15-17 Robert A. O'Rourke, MD 
| 302 June 22-24 Paul C. Gillette, MD 
331 June 29-30, July 1 B. Leonard Holman, MD 
330 July 8-10 Michael R. Rosen, MD 
N 
) 
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‘LEARNING CENTER: PROGRAM CALENDAR 


The utility of two-dimensional echocardiography (2DE) 
in detecting transient myocardial ischemia with varying 
degrees of coronary stenosis (CS) without complete oc- 
clusion is not established, and the change in perfusion 
accompanying 2DE wall thinning in CS has not been de- 
fined. To study this, we created graded circumflex CS in 
42 dogs. Coronary blood flow was measured by electromag- 
netic flow probes; myocardial perfusion by microspheres. 
To induce ischemia, isoproterenol (I) and acute aortic 
constriction (AC), Nitroglycerin (NG), Nitroprusside (NP) 
or hemorrhage (Hem) were added to CS. Ischemia was de- 
fined as regional systolic thinning by 2DE, verified by 
ultrasonic sonomicrometers. From 2DE short-axis left 
ventricular images, the percent systolic thickening of 
12 equidistant wall radii was analyzed. Regional sys- 
tolic wall thinning was never seen with 2DE or sonomicro- 
meters in the control state or with 70% or 90% CS alone, - 
nor was perfusion significantly reduced with even 90% CS. 
When I and AC or NG, NP or Hem were superimposed on 90% 
CS, segmental thinning occurred in all dogs with thinning 
of individual radii ranging from -5 to -53%. Whenever 
thinning was detected severe hypoperfusion was inevitably 
present, with perfusion falling to less than 25% of con- 
trol levels. When hypotension induced by NG, NP or Hem 
produced wall thinning, correction of hypotension by AC 
promptly restored normal thickening and perfusion. 
Conclusion: Even severe CS may not cause decreased per- 
fusion at rest, and 2DE in this case shows no wall thin- 
ning. Interventions which cause hypoperfusion produce 
ischemia and wall thinnirg. This permits the detection 
of severe CS; systolic thinning on 2DE always signified 
perfusion less than 25% of control. 





For additional information or a complete program calendar, contact the 
Program Registrar, Heart House Learning Center, American College 
of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 200 14. 
Telephone (301) 897-5400. 





LEARNING CENTER PROGRAMS: JUNE THROUGH JULY 1981 





Title of Program 


Valvular Heart Disease: Current Controversies in Patient Management 


Management of Pulmonary, Renal and Electrolyte Disorders in 
Cardiac Patients ; 


Detection of Cardiac Disease by Physical Examination 
Decisions in Clinical Pediatric Cardiac Surgery 
Nuclear Cardiology for the Cardiologist 


Clinical Pharmacology and Electrophysiology of Antiarrhythmic Drugs 
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CALENDAR OF EXTRAMURAL PROGRAMS 


AMERICAN COLLEGE OF CARDIOLOGY NEWS — 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
Cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete anc useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





1981 


Preceptorships in Cardiology. Arthur 
arranged Selzer, FACC, director, Pacific Medical 
Center, San Francisco, CA 


Preceptorships in Cardiology. Jules 
Constant, FACC, director. Buffalo Gen- 
eral Hospital, Buffalo, NY 


The Patient with Arrhythmia—A Clini- 
cal Approach. Ross D. Fletcher, FACC 
and W. Proctor Harvey, FACC, directors. 
Gorman Building Auditorium, George- 
town University Medical Center, Wash- 
ington, DC 


Eighth Annual Symposium on Clinical 
Echocardiography: New Developments 
in Cardiac Ultrasound at Snowbird. 
Arthur D. Hagan, FACC, director and 
Anthony N. DeMaria, FACC and William 
F. Friedman, FACC, co-directors. 
Snowbird Conference Center, Snowbird 
Ski and Summer Resort, Snowbird, UT 


Tutorials in the Tetons: Clinical Cardi- 
ology: Diagnostic and Therapeutic 
Advances (Seventh Annual). Robert S. 
Eliot, FACC, director and James C. 
Buell, Timothy Fleming, FACC and 
Gerald L. Wolf, co-directors. Jackson 
Lake Lodge, Moran, WY 


Update in Cardiology—Cardiology 
Board Review Program. J. Willis Hurst, 
FACC and Robert C. Schlant, FACC, 
directors. Sheraton Atlanta Hotel, At- 
lanta, GA 





SEPT. 
9-11 


SEPT. 
9-12 


SEPT. 
24-26 


OCT. 
19-22 


OCT. 
22-24 


OCT. 
29-31 


OCT. 
29-31 


JUNE THROUGH OCTOBER 1981 


Advanced Echocardiography. Harvey 
Feigenbaum, FACC, director and Betty 
C. Corya, James C. Dillon, FACC and 
Randall C. Caldwell, FACC, co-directors. 
Hyatt Regency Indianapolis, Indianapolis, 
IN 


Mechanisms and Therapy of Cardiac 
Arrhythmias. Leonard S. Dreifus, FACC, 
Eric L. Michelson, FACC and Yoshio 
Watanabe, FACC, directors. Philadel- 
phia Marriott Hotel, Philadelphia, Pa 


Clinical Cardiology. Newer Trends in 
Diagnosis and Management. Peter C. 
Gazes, FACC, director and Michael E. 
Assey, FACC, William H. Barnwell Il, 
FACC, Grady H. Hendrix, FACC, Robert 
G. Irvin, FACC, Charles P. Summerall, 
FACC and Bruce W. Usher, FACC, co- 
directors. Mills House Hotel, Charleston, 
SC 


Electrocardiography: Core Curriculum 
and Self-Assessment. Arthur Selzer, 
FACC, director. The Mark Hopkins, San 
Francisco, CA 


New Diagnostic and Therapeutic 
Strategies for the Failing Heart. Thomas 
J. Ryan, FACC, director and Joseph S. 
Levine, FACC, co-directors. Copley 
Plaza Hotel, Boston, MA 


Cardiology Update— 1981. William W. 
Parmley, FACC, director. Quail Lodge, 
Carmel Valley, CA 


New Techniques and Concepts in 
Cardiology. Coronary Artery Disease: 
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Spasm, Calcium Antagonists, Balloon 
Dilatation, Streptokinase in Acute 
Myocardial Infarction, Rehabilitation, 
Operation; Hypertrophic Cardiomyop- 
athy: 2-D Echocardiography, Sudden 
Death. Stephen E. Epstein, FACC, di- 
rector. Hyatt Regency Hotel, Washing- 
ton, DC 
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1981 COMMITTEE APPOINTMENTS 


The following physicians have been named to the College committees listed below: 


— ACCEL Committee 


— William Likoff, MD, Chairman 
— . Pennsylvania 

— Walter H. Abelmann, MD 

_ Massachusetts 

— Robert A. Corne, MD 

|» A Manitoba 

J. Michael Criley, MD 
California 

. Antonio C. deLeon, Jr., MD 

— A District of Columbia 
















zb 


| Colorado 

_ Abdulmassih S. Iskandrian, MS, ChB 
— Pennsylvania 

—. William P. Nelson, MD 


Kansas 
_ Joseph K. Perloff, MD 
= California 
— Richard L. Popp, MD 
. . California 

.. Charles E. Rackley, MD 
x Alabama 

— David C. Schwartz, MD 
Ohio 
— H.J. C. Swan, MD, PhD 
= California 

T August M. Watanabe, MD 
| Indiana 


. Allied Health Professionals 
. Committee 


_ Arthur D. Hagan, MD, Chairman, 1982 

à Utah : 

! Leonard G. Christie, Jr., MD, 1983 

Florida 

. Jack H. Hall, MD, 1984 

| Indiana 

. Joseph A. Kisslo, MD, 1984 

North Carolina 

_ Joseph P. Murgo, MD, 1984 
Texas 

— Nelson B. Schiller, MD, 1983 

California 

4 

. Annual Scientific Session 

Program Committee 


ey z= 1 TU 
, } 


Alabama 


- Richard O. Russell, Jr., MD, Co-Chairman, 


1983 
Alabama 

C. Richard Conti, MD, 1982 
Florida 


) 


Charles E. Rackley, MD, Chairman, 1983 


Anthony N. DeMaria, MD, 1982 
California 

John J. Gallagher, MD, 1982 
North Carolina 

Paul C. Gillette, MD, 1982 
Texas 

Emilio R. Giuliani, MD, 1982 
Minnesota 

William P. Hood, Jr., MD, 1982 
Alabama 

Suzanne B. Knoebel, MD, 1982 
Indiana 

John Andrew Mantle, MD, 1982 
Alabama 

Dwight C. McGoon, MD, 1982 
Minnesota 

Dan G. McNamara, MD, (ex officio), 1982 
Texas 

Richard R. Miller, MD, 1982 


Texas 

Silvio E. Papapietro, MD, 1982 
Alabama 

William W. Parmley, MD, 1984 
California 

William C. Roberts, MD, 1982 
Maryland 

William J. Rogers, MD, 1982 
Alabama 

Robert C. Schlant, MD, 1982 
Georgia 

Daniel J. Ullyot, MD, 1982 
California 

Albert L. Waldo, MD, 1982 
Alabama 

Gary N. Wilner, MD, (AHA Rep.), 1982 
Illinois 


Awards Committee 


Mary Allen Engle, MD, Chairman, 1982 
New York 

Hilliard J. Katz, MD, 1982 
California 

Charles B. Mullins, MD, 1983 
Texas 

Eldred D. Mundth, MD, 1982 
Pennsylvania 

Ralph Shabetai, MD, 1982 
California 

Borys Surawicz, MD, 1984 
Kentucky 


Bethesda Conferences Committee 


Robert O. Brandenburg, MD, Chairman, 
1984 
Minnesota 
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Charles R. Hatcher, Jr., MD, 1982 
Georgia 

Robert J. Luchi, MD, 1983 
Texas 

Richard L. Popp, MD, 1984 
California 


Budget, Finance and Investment 
Committee 


Charles Fisch, MD, Chairman, 1984 
Indiana 

Donald A. Dupler, MD, 1982 
Pennsylvania 

Louis Gillespie, Jr., MD, 1982 
District of Columbia 

James J. Leonard, MD, 1982 
Maryland 


Building and Grounds Committee 


Samuel M. Fox, Ill, MD, Chairman, 1983 
Maryland 

J. William Cox, MD, 1984 
District of Columbia 

Robert R. Montgomery, MD, 1982 
Maryland 

Jack P. Segal, MD, 1982 
Maryland 


Cardiac Pacemaker Committee 


Victor Parsonnet, MD, Chairman, 1984 
New Jersey 

Barouh Berkovits, EE, 1984 
Massachusetts 

Michael Bilitch, MD, 1983 
California 

Doris J. W. Escher, MD, 1984 
New York 

Ross D. Fletcher, MD, 1984 
District of Columbia 

Seymour Furman, MD, 1983 
New York 

Dryden P. Morse, MD, 1983 
New Jersey 

G. Frank O. Tyers, MD, 1983 
British Columbia 


Cardiovascular Norms Committee 


John A. Kastor, MD, Chairman, 1982 
Pennsylvania 

Jonathan Abrams, MD, 1984 
New Mexico 

Albert N. Brest, MD, 1982 
Pennsylvania 
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Stanley H. Hoffman, MD, 1982 
California 
Robert C. Schlant, MD, 1984 
Georgia 
€ William B. Strong, MD, 1984 
Georgia 


Cardiovascular Procedures Committee 


Anthony N. DeMaria, MD, Chairman, 1983 


California 

Arthur C. Beall, Jr., MD, 1984 
Texas 

James S. Cole, MD, 1984 
Wisconsin 

Harvey Feigenbaum, MD, 1983 
Indiana 

Bunyad Haider, MD, 1984 
New Jersey 

Robert J. Hall, MD, 1984 
Texas 

Paul L. McHenry, MD, 1983 
Indiana 

Bertram Pitt, MD, 1984 
Michigan 

| ichard O. Russell, Jr., MD, 1983 
| Alabama 

Robert G. Tancredi, MD, 1983 
Minnesota 

Melvin B. Weiss, MD, 1984 
New 

Cardiovascular Surgery Committee 

James W. Kilman, MD, Chairman, 1983 
Ohio X 

Mortimer J. Buckley, MD, 1983 
Massachusetts 

Aldo R. Castaneda, MD, 1984 
Massachusetts 

Gordon K. Danielson, MD, 1984 
Minnesota 

Robert B. Karp, MD, 1982 
Alabama 

Floyd D. Loop, MD, 1983 
Ohio 

James R. Pluth, MD, 1983 
Minnesota 

Daniel J. Ullyot, MD, 1982 
California 


Constitution and Bylaws Committee 


Richard A. Carleton, MD, Chairman, 1983 
Rhode Island 

Louis Gillespie, Jr., MD, 1982 
District of Columbia 

Marvin M. McCall, MD, 1983 
North Carolina 


Continuing Education Committee for 
Egtramural Programs 


eonard S. Dreifus, MD, Chairman, 1982 
Pennsylvania 

ames E. Dalen, MD, 1983 
Massachusetts 


Tr r= — vn inm. Ww 7 == "EPF: RE A ULT Siaa- a Come 
„a IT Pies CUA DIR $ IR Ss 
^ PIT e A , . et. y wv - s 4 


Anthony N. DeMaria, MD, 1983 
California 

Nicholas P. DePasquale, MD, 1982 
New York 

Gerald F. Fletcher, MD, 1983 
Georgia 

W. Proctor Harvey, MD, 1984 
District of Columbia 

Joel Morganroth, MD, 1984 
Pennsylvania 

Charles B. Mullins, MD, 1984 
Texas 

R. Joe Noble, MD, 1982 
Indiana 

Victor Parsonnet, MD, 1984 
New Jersey 

Richard O. Russell, Jr., MD, 1984 
Alabama 

Bernard L. Segal, MD, 1982 
Pennsylvania 

Ralph Shabetai, MD, 1982 
California 

John A. Spittell, MD, 1983 
Minnesota 

John H. K. Vogel, MD, 1983 
California 

Sylvan Lee Weinberg, MD, 1982 
Ohio 

John F. Williams, Jr., MD, (ex officio), 1983 
Texas 


Credentials Committee 


Adolph M. Hutter, Jr., MD, Chairman, 1982 
Massachusetts 

David B. Carmichael, Jr., MD, 1982 
California 

Richard P. Lewis, MD, 1984 
Ohio 

Dwight C. McGoon, MD, 1984 
Minnesota 

Jacqueline A. Noonan, MD, 1982 
Kentucky 


ECG Interpretation Committee 


John C. Bailey, MD, Chairman, 1984 
Indiana 
Te-Chuan Chou, MD, 1983 


Ohio 

Myrvin H. Ellestad, MD, 1983 
California 

Paul Gillette, MD, 1984 
Texas 

Leo G. Horan, MD, 1984 
Kentucky 

Louis Lemberg, MD, 1982 
Florida 

Harold Turner Mankin, MD, 1982 
Minnesota 

Brendan P. Phibbs, MD, 1983 
Arizona 


Emergency Cardiac Care 
Committee 


Gary J. Anderson, MD, Chairman, 1984 
Pennsylvania 
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Stephen M. Ayres, MD, 1983 . 


Missouri 
Roy M. Baker, MD, (Advisor), 1982 
Florida 
James C. Dillon, MD, 1982 4 
Indiana , 
Seymour Furman, MD, 1984 | 
New York* Y 
Walter S. Graf, MD, 1983 3 
California 
Costas T. Lambrew, MD, 1983 
Maine 
A. James Lewis, MD, 1984 
California 
Bernard Lown, MD, 1983 
Massachusetts 


Ronald S. Pennock, MD, 1984 
Pennsylvania 


Ethics Committee 


Borys Surawicz, MD, Chairman, 1982 
Kentucky 

Robert O. Brandenburg, MD, 1983 
Minnesota 

Samuel Kaplan, MD, 1983 
Ohio 

Henry D. Mcintosh, MD, 1984 
Florida - 

John Waldhausen, MD, 1983 
Pennsylvania 

Walt F. Weaver, MD, 1982 7 
Nebraska 





Executive Committee 


Dan G. McNamara, MD, Chairman, 1982- 
Texas : 
Robert O. Brandenburg, MD, 1982 l 
Minnesota | 
Paul A. Ebert, MD, 1982 | 
California 4 
Charles Fisch, MD, 1984 
Indiana | 
Gottlieb C. Friesinger, Il, MD, 1982 i 
Tennessee s 
Suzanne B. Knoebel, MD, 1984 4 
Indiana 
William L. Winters, Jr., MD, 1982 
Texas 


Gifts, Bequests and Endowments : 
Committee | 


New York 
Arthur C. Beall, Jr., MD, 1982 
Texas 
Louis F. Bishop, MD, 1984 | 
New York | 
Simon Dack, MD, 1983 
New York 
Leonard S. Dreifus, MD, 1982 
Pennsylvania 
Donald A. Dupler, MD, 1983 
Pennsylvania í 


( 


j 
Bernard H. Boal, MD, Chairman, 1983 i 
i 


-u 





Dwight E. Harken, MD, 1983 
: Massachusetts 
. William Likoff, MD, 1984 
Pennsylvania 
Henry D. Mcintosh, MD, 1982 
Florida 
. B. L. Martz, MD, 1983 
Indiana è 
- Henry Irving Russek, MD, 1984 
- . Florida 


y 


















ut 


T 


. Government Relations Committee 


-. Louis Gillespie, Jr., MD, Chairman, 1984 

— District of Columbia 

- Arthur C. Beall, Jr., MD, (ex officio), 1982 
Texas 

Eliot Corday, MD, 1982 

= California 

_ Harold T. Dodge, MD, 1982 

_ Washington 

_ Leonard S. Dreifus, MD, 1984 

Pennsylvania 

4 Antonio M. Gotto, Jr., MD, 1983 


am. 


.. Texas 
- Clif S. Hamilton, Jr., MD, 1984 
— North Dakota 
__ Christopher J. Havelda, MB, BS, 1984 
= Kentucky 
.. Marvin Moser, MD, 1983 
= New York 
_ Barry W. Ramo, MD, 1984 
= New Mexico 
Charles A. Sanders, MD, 1982 
Massachusetts 


.. Robert E. Whalen, MD, 1982 

- North Carolina 

John F. Williams, Jr., MD, 1983 
E Texas 

. Robert E. Windom, MD, 1982 

| Florida 


Grant Review Committee 


) 
i 
E Suzanne B. Knoebel, MD, Chairman, 1982: 


Á Indiana 

. Robert D. Conn, MD, 1984 

_ Kansas 

_ Charles Fisch, MD, 1984 
Indiana 

- T. Joseph Reeves, MD, 1984 
|. Texas 






je 


| Heart House Acquisitions Committee 


... Pennsylvania 
Theodore Cooper, MD, PhD, 1983 


" 


: 
fen A. Dupler, MD, Chairman, 1984 





Michigan 

- Hilliard J. Katz, MD, 1982 

| California 

: Isadore Rosenfeld, MD, 1984 
New York 


. International Education Committee 


Eliot Corday, MD, Chairman, 1983 
California 


) : 
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John J. Collins, Jr., MD, 1983 


Massachusetts 

Theodore Cooper, MD, PhD, 1983 
Michigan 

Simon Dack, MD, 1982 
New York 

Peter T. Kuo, MD, 1984 
New Jersey 

Robert |. Levy, MD, 1984 
Maryland 

Charles E. Rackley, MD, 1983 
Alabama 


Learning Center Committee 


John F. Williams, Jr., MD, Chairman, 1983 
Texas 

Leonard S. Dreifus, MD, (ex officio), 1982 
Pennsylvania 

Marvin |. Dunn, MD, 1984 


Kansas 

Charles Fisch, MD, 1982 
Indiana 

Samuel Kaplan, MD, 1982 
Ohio 

Suzanne B. Knoebel, MD, 1982 
Indiana 

James A. Ronan, MD, 1982 
Maryland 

Arthur Selzer, MD, 1982 
California 


Liaison Committee on Educational 
Programs 


Robert O. Brandenburg, MD, Chairman, 
1982 
Minnesota 

Eliot Corday, MD, 1983 
California 

Simon Dack, MD, 1983 
New York 

Leonard S. Dreifus, MD, 1982 
Pennsylvania 

William Likoff, MD, 1982 
Pennsylvania 

Charles E. Rackley, MD, 1982 


Alabama 

John F. Williams, Jr., MD, 1983 
Texas 

Library Committee 

B. L. Martz, MD, Chairman, 1983 
Indiana 

Arthur C. Beall, Jr., MD, 1982 
Texas 

Kamalendu Chatterjee, MD, 1984 
California 

Michael S. Gordon, MD, PhD, 1982 
Florida 


W. Proctor Harvey, MD, 1983 
District of Columbia 

David C. Schwartz, MD, 1982 
Ohio 


Long Range Planning Committee 


Suzanne B. Knoebel, MD, Chairman, 1984 
Indiana 


p^ ' 
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Paul A. Ebert, MD, Vice Chairman, 1982 
California 

Robert O. Brandenburg, MD, 1982 
Minnesota 

Charles Fisch, MD, 1984 
Indiana 

Gottlieb C. Friesinger, Il, MD, 1982 
Tennessee 

Louis Gillespie, Jr., MD, 1984 
District of Columbia 

Thomas P. Graham, Jr., MD, 1984 
Tennessee 

Adolph M. Hutter, Jr., MD, 1983 
Massachusetts 

William W. Parmley, MD, 1984 
California 

Gary S. Raizes, MD, 1983 
New York 

T. Joseph Reeves, MD, 1983 
Texas 

Donald E. Saunders, Jr., MD, 1983 
South Carolina 

John F. Williams, Jr., MD, 1983 
Texas 


Medical Devices Committee 


Arthur C. Beall, Jr., MD, Chairman, 1982 
Texas 

Cesar A. Caceres, MD, 1983 
District of Columbia 

John J. Collins, Jr., MD, 1982 
Massachusetts 

Richard L. Popp, MD, 1982 
California 

Shahbudin H. Rahimtoola, MD, 1982 


Oregon 
icon dti ac 


California 


Nominating Committee 


Bernadine L. Bulkley, MD, 1982 
Maryland 

Leonard S. Dreifus, MD, 1982 
Pennsylvania 

Robert S. Eliot, MD, 1982 
Nebraska 

J. O'Neal Humphries, MD, 1982 
South Carolina 

Thomas J. Ryan, MD, 1982 
Massachusetts 

Jack P. Segal, MD, 1983 . 
Maryland 


Nuclear Cardiology Committee 


B. Leonard Holman, MD, Chairman, 1983 
Massachusetts 

Anthony N. DeMaria, MD, (ex officio), 1983 
California 

Stanley J. Goldsmith, MD, 1982 
New York 

Robert W. Parkey, MD, 1982 
Texas 

Bertram Pitt, MD, 1983 
Michigan 










* 


Barry L. Zaret, MD, 1983 
Connecticut 


Pediatric Cardiology Committee 


Thomas P. Graham, Jr., MD, Chairman, 
1983 
Tennessee 

Howard P. Gutgesell, MD, 1983 
Texas 

James A. Manning, MD, 1984 
New York 

Alexander S. Nadas, MD, 1984 
Massachusetts 

Amnon Rosenthal, MD, 1983 
Michigan 

Herbert D. Ruttenberg, MD, 1982 
Utah 


Preventive Cardiovascular Disease 
Committee 


Jeremiah Stamler, MD, Chairman, 1984 
Illinois 

Charles L. Curry, MD, 1982 
District of Columbia 

Mary Jane Jesse, MD, 1983 
Florida 

Barbara K. Packard, MD, 1984 
Maryland 

Lysle H. Peterson, MD, 1983 
Texas 


Publications Committee 


William C. Roberts, MD, Chairman, 1983 
Maryland 

Ezra A. Armsterdam, MD, 1983 
California 

Simon Dack, MD, (ex officio), 1983 
New York 

Gottlieb C. Friesinger, Il, MD, 1984 
Tennessee 

John A. Kastor, MD, 1984 
Pennsylvania 

Francis J. Klocke, MD, 1982 
New York 

William Likoff, MD, (ex officio), 1982 
Pennsylvania 

John F. Williams, Jr., MD, 1982 
Texas 


Young Investigators' Awards 
Committee 


Michael V. Herman, MD, Chairman, 1982 
New York 

Mortimer J. Buckley, MD, 1984 
Massachusetts 

Robert D. Conn, MD, 1982 

issouri 

nard S. Gettes, MD, 1982 

North Carolina 

chard H. Helfant, MD, 1984 

Pennsylvania 


Ad Hoc Committee on 
Research in Continuing Medical 
Education 


Mary Jane Jesse, MD, Chairman 
Florida 
Robert O. Brandenburg, MD 


Minnesota 

Charles Fisch, MD 
Indiana 

Suzanne B. Knoebel, MD 
Indiana 

John H. Phillips, MD 
Louisiana 

Arthur Selzer, MD 
California 

Borys Surawicz, MD 
Kentucky 

Ad Hoc Manpower Advisory 

Committee 


Walter H. Abelmann, MD, Chairman 
Massachusetts 
Nancy C. Flowers, MD 
Kentucky 
Murray S. Hoffman, MD 
Colorado 
H. J. C. Swan, MD, PhD 
California 


COLLEGE REPRESENTATIVES TO 
OTHER ORGANIZATIONS 
American Academy of Family Physicians 


Robert S. Eliot, MD 
Nebraska 


American Association for the 
Advancement of Science 


Edward W. Hawthorne, MD 
Maryland 


American Board of Internal Medicine and 
Subspecialty Board Liaison on 
Cardiovascular Disease 


Robert O. Brandenburg, MD 
Minnesota 

Suzanne B. Knoebel, MD 
Indiana 


American College of Physicians 


Council of Subspecialty Societies 
Suzanne B. Knoebel, MD, 1983 
Indiana 


American College of Surgeons 


Benson R. Wilcox, MD, 1982 
North Carolina 


American Heart Association 


ACC/ AHA Cardiovascular Drugs 
Committee 
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Alan S. Nies, MD, Chairman, 1984 
Colorado a 

Carlos Ayers, MD (AHA), 1981 
Virginia 

Russell G. McAllister, Jr., MD (ACC) 
1982 
Kentucky 

Phillip R, Reid, MD (ACC), 1983 
Maryland 

Michael R. Rosen, MD (ACC), 1982 
New York 

Roger A. Winkle, MD (AHA), 1982 
California 


Joint Officers Committee 

Robert O. Brandenburg, MD 
Minnesota 

William D. Coughlan, CAE 
Maryland 

Suzanne B. Knoebel, MD 
Indiana 

Dan G. McNamara, MD 
Texas 

William D. Nelligan, CAE 
Maryland 


Liaison with Annual Scientific 
Program Committee 
John Andrew Mantle, MD 
Alabama 


- Mas. 


American Institute of Ultrasound in 
Medicine 


Harvey Feigenbaum, MD 
Indiana 


American Medical Association 


Commission on Emergency 
Medical Services 
Gary J. Anderson, MD 
(Delegate) 
Pennsylvania 
Max Harry Weil, MD 
(Alternate Delegate) 
California 


Current Medical Terminology Project 
Gerald Glick, MD 
Illinois 


Liaison Committee on Cardiopulmonary 
Resuscitation 
Stephen W. Carveth, MD 
Nebraska 


Section Council on Cardiovascular 
Disease 
David B. Carmichael, Jr., MD, 
Chairman 
California 
Werner E. Samson, MD, 
Vice Chairman 
Washington 
William A. Sodeman, MD 
Ohio 
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. American Registry of Pathology 
* 


Irwin K. Kline, MD 
Pennsylvania 


Association for the Advancement of 


—. Medical Instrumentation 


Representative 
Dan G. McNamara, MD 
Texas 


Additional Representatives 
Paul A. Ebert, MD 
California 
Suzanne B. Knoebel, MD 
Indiana 


U. S. Technical Advisory Group 
Arthur C. Beall, Jr., MD 
Texas 


Food and Drug Administration 


Ad Hoc Professional Committee 
August M. Watanabe, MD 
Indiana 


ACC ANNOUNCES 
MERCK FELLOWSHIPS 


The American College of Cardiology has 
announced the names of five fellows in 


. cardiology who have each been awarded 


a $15,000 Adult Cardiology Fellowship 
Training Award under a new program 
established by the College and The Merck 
Company Foundation. 

The 1981 fellowship recipients are: 


. Chester M. Boltwood, Jr., MD, Veterans 


Administration, Wadsworth Medical 
Center, Los Angeles, CA; Eric H. Conn, 


Inter-Society Commission for Heart 
Disease Resources 


Samuel M. Fox, Ill, MD 
Maryland 


National Academy of Sciences 


Assembly of Life Sciences 
Dan G. McNamara, MD 
Texas 


National Commission for Clinical 
Engineering Certification 


Alvin H. Freiman, MD 
New York 


National Heart, Lung, and Blood Institute 


Liaison with Institute Director 

Robert O. Brandenburg, MD 
Minnesota 

Louis Gillespie, Jr., MD 
District of Columbia 

Suzanne B. Knoebel, MD 
Indiana 

Dan G. McNamara, MD 
Texas 


MD, Duke University Medical Center, 
Durham, NC; William A. Gavin, MD, Uni- 
versity of Washington School of Medicine, 
Seattle, WA; Sandra J. Lewis, MD, Stan- 
ford University Medical Center, Stanford, 
CA; and Michael M. Silver, MD, Presby- 
terian-University of Pennsylvania Medical 
Center, Philadelphia, PA. 

The purpose of the 1 year award is to 
support advanced training in cardiology at 
a time when sources of funding are rapidly 
diminishing. The purpose is also to en- 
courage the development of new pro- 
grams in clinical and preventive medicine 
which may have a positive impact on the 
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National High Blood Pressure Education 
Program 

Edward D. Frohlich, MD 

- Louisiana 


National Society for Cardiopulmonary 
Technology 


Arthur D. Hagan, MD 
Utah 


National Society for Medical Research 
Council 


William H. Wehrmacher, MD 
Illinois 


World Health Organization 


Task Force on Definition and 
Classification of Cardiomyopathies 
Robert O. Brandenburg, MD 
Minnesota 


Task Force on Nomenclature of 
Arrhythmias 
Charles Fisch, MD 
Indiana 


high morbidity and mortality statistics for 
cardiovascular disease. One of the eligi- 
bility requirements is that applicants be in 
their first or second year of adult cardiol- 
ogy fellowship training. 

Five awards, each to be designated as 
the "Merck Fellow of the American Col- 
lege of Cardiology,” will be made annu- 
ally. Merck fellows will complete a 
uniquely clinically oriented project during 
their year of supported training. This 
project could involve a study in the 
broader aspects of the discipline such as 
teaching and the delivery of cardiovas- 
cular health care. 
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VIGILANT!" and PECGASYS,™ from Data- 
medix. A company totally committed to integrating 
signal processing with computer technology to break 
new ground in arrhythmia monitoring. 

VIGILANT and PECGASYS are the two most 
advanced arrhythmia monitoring systems in exis- 
tence— VIGILANT for the hospitalized patient, 
PECGASYS for the ambulatory patient. 

Both are designed and built by Datamedix to 
give you features never before available to the 
medical profession. Features that have true clinical 
significance, that let you make diagnostic judg- 
ments faster, and more accurately than ever before. 

Read about VIGILANT and PECGASYS. Then 
decide for yourself. 





$7 S Opyrgeht 1981 Datamedix, Inc. 


X 
= 
— 


The state of 


mid 





VIGILANT. 

VIGILANT has spearheaded the acceptance of 
computerized arrhythmia monitoring in the CCU. It 
identifies complex cardiac events so accurately, that 
it emerges as the world's first arrhythmia identifi- 
cation system. 

It's the world's 
most accurate, most 
thoroughly documented 
arrhythmia monitoring 
system, too. With a 
beat detection accuracy 
of 99.94%, false positive 
VPB rate of 0.196, and 
false negative VPB rate of 4.6%.! It identifies more 
arrhythmias than any other system. 

In the CCU, VIGILANT analyzes and stores 
arrhythmias, and the events preceding them, so you 
can recall and review significant data faster and 
more accurately than ever before. 


PECGASYS. 

The world's first 
totally computerized 
ambulatory system. 
PECGASYS gives you 
24-hour ECG monitor- 
ing and arrhythmia 
recording. It also gives 
you unequaled speed, accuracy and identification 
capabilities, because it analyzes every heartbeat. 
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theheart — 
monitoring Is here. 


L PECGASYS renders conventional systems 
! obsolete, because it completely eliminates the need 
for tedious, error-prone human scanning. Instead, 
PECGASYS utilizes an ambulatory monitoring unit 
(AMU) containing a microcomputer that analyzes, 
classifies, and stores cardiac events as they occur. 
The AMU is then docked into a microprocessor-based 
desktop analysis unit that produces a complete hard- 
copy report of cardiac events, including: graphs, QRS 
types observed, rhythm strips and summary of ab- 
normal QRS complexes, major pattern changes, S-T 
deflection and R-R interval summaries. 
DATAMEDIX. 
Only a company with a total commitment to 
advanced, proven technology could develop systems 
k like VIGILANT and PECGASYS. A company capable 
of integrating advanced signal processing with com- 
puter technology and adapting it to cardiac care. A 
company like Datamedix. With direct sales and ` 
service offices nationwide for solid product support. 
When you're ready for the state of the heart ii 
arrhythmia monitoring, there's only one choice. ` »- 
Datamedix. Remember the name. 
For more information, write Datamedix, Inc ^s 
Route 1, Sharon, Massachusetts 02067. Or phone 
(617) 784-7878. E 


DATAMIEDIX, INC. 


The State of the Heart. '" 










1. Shah, P.M., et al: Automatic Real Time Arrhyth- 
mia Monitoring in the Intensive Coronary Care 
Unit, American Journal of Cardiology 39: 
701-707, 1977. 








EXERCISE 


in Cardiovascular 
Health aMi Disease 


EXERCISE 





ema 


KARA A AMNTEMDAM. MI 
| ACK H WILMORE, Phi 
j ANTHONY N DeMARIA. MI 






This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG 

[] Stress myocardial scintigraphy 

[] Various interpretations of exercise tests in the asymptomatic 
population 
The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 

field. Included are outstanding scientists, clinicians, exercise 

physiologists, and physical educators. 

For you who have any interest—professional or personal—in 

exercise and the heart, we urge you to /ook at a copy of 

EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 

That's right! You're invited to look it over before buying it. 
Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 





For every professional with an 
interest in Exercise and the Heart. 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 
ce OPUS scd AT CSI SE Dont RON TR Se OON SEC 
Yorke Medical Books 
666 Fifth Avenue, New York, N.Y. 10103 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($33.00 plus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


AJC 6/81 


C] Full payment enclosed, publisher pays shipping. 
C] Please bill me, plus cost of shipping. 
[] Charge my credit card: |] MasterCard [| | Visa. 
Gard No. Sia EXDIIEO Bate. reir 
New York residents acd applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 





Name 





Adcress <=. 
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Danger: _ 
PVC's dont sleep! 


In a study of patients with coronary artery disease, 
25 percent showed an increase in PVC's during sleep. 





Sine-Wave Blood Flowmeter 


BL-61:3 with 


ELECTRONIC 
ZERO 


| — «MO-—»m50.»- xmzxoms-o-uw 


Biotronex Laboratory, Inc. 


4225 Howard Avenue, Kensington, Md. 20795, Phone: 301-942-1800 


To reduce the risk of potentially fatal 
arrhythmias in pasen. with compromised hearts 
; $4894 mg 


Quina aglute DURA-TABS® 


(QUINIdINe GlUCONAtE) m practical b.i.d. or t.i.d. dosage 
protects night and day 


E Less frequent administration 
helps improve patient 
compliance and thus helps 
assure needed round-the-clock 
protection.’ 


References: |. Schroeder, J.S.: Emergency Medicine n: :34 
(Feb. 15) 1980. 2. Lown, B., in Lown, B., and Segal, J 
Modern Medicine 46:60 (Sept. 30-Oct. 15] 1978. 


Please turn page for brief summary of prescribing information. 


B E L Laboratories Inc: 
Cedar Knolls, New Jersey 07927 
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324 mg 


Quinaglute 


DURA-TABS * 


(quinidine gluconate) 


CONTRAINDICATIONS: 

Aberrant impulses and abnormal rhythms due 
to escape mechanisms should not be treated 
with quinidine. 

Partial A-V or complete heart biock, or intra- 
ventricular conduction defects, especially 
those exhibiting a marked grade of ORS 
widening. 

Renal disease resulting in significant 
azotemia, or those developing cardiotoxic 
effects such as conduction defects, ventricular 
premature beats, ventricular tachycardia or 
flutter while on the drug. 

Marked cardiac enlargement, particularly 
with congestive failure, poor renal function, 
and especially renal tubular acidosis. 

Idiosyncrasy or hypersensitivity to quinidine. 
WARNINGS: 

In the treatment of atrial flutter, reversion to 
sinus rhythm may be preceded by a progressive 
reduction in the degree of A-V block to a 1:1 
ratio resulting in an extremely rapid ventricular 


rate. 

PRECAUTIONS: 

The precautions to be observed include all 
those applicable to quinidine. A preliminary 
test dose of a single tablet of quinidine sulfate 
should be administered to determine if the pa- 
tient has an idiosyncrasy to quinidine. Hyper- 
sensitivity to quinidine, although rare, should 
constantly be considered, especially during the 
first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart, therefore, ex- 
treme caution should be exercised in using the 
drug in patients with severe heart disease, hy- 
potension or digitalis intoxication. The poten- 
tial disadvantages and benefits must be 
weighed. 

It should be administered cautiously, if at all, 
to senile patients. 

Hospitalization for close clinical observation, 
electrocardiographic monitoring, and possibly 
plasma quinidine levels is indicated when large 
doses are used or with patients who present an 
increased risk. 

ADVERSE REACTIONS: 

Symptoms of cinchonism, ringing in ears, head- 
ache, nausea, disturbed vision may appear in 
sensitive patients after a single dose of the 
drug. 

Cardiovascular: Widening of ORS complex, 
cardiac asystole, ventricular ectopic beats, idio- 
ventricular rhythms including ventricular 
tachycardia and fibrillation, paradoxical 
tachycardia, arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, abdomi- 
nal pain, diarrhea. 

Hematologic: Acute hemolytic anemia, hypo- 
prothrombinemia, thrombocytopenic purpura, 
agranulocytosis. 

Central Nervous System: Headache, fever, 
vertigo, apprehension, excitement, confusion, 
delirium and syncope, disturbed hearing (tin- 
nitus, decreased auditory acuity), disturbed vi- 
sion (mydriasis, blurred vision, disturbed color 
perception, reduced vision fields, photophobia, 
diplopia, night blindness, scotomata), optic 
neuritis. 

Dermatologic: Cutaneous flushing with in- 
tense pruritus. 

Hypersensitivity Reactions: Angioedema, 
acute asthmatic episode, vascular collapse, res- 
piratory arrest. 

See package insert for full information. 


BE. RLEX Laboratories Inc. 
Cedar Knolls, New Jersey 07927 





CARDIOLOGIST TO JOIN YOUNG MULTISPECIALTY 


GROUP IN NEW FACILITIES IN GROWING CHICAGO 
SUBURB. FOR SALARY AND BENEFITS INFORMATION 
CONTACT R. FINN COLLECT 815/725-4631. 





The Cook County Graduate School of Medicine 


announces 


SPECIALTY REVIEW COURSE IN 
CARDIOVASCULAR DISEASE 
September 8-12, 1981 
A.M.A. Category | Credit: 40 Hours 


For information and registration: 
The Cook County Graduate School of Medicine 
707 South Wood Street Chicago, Illinois 60612 
(312) 733-2800 



















CARDIOLOGIST 


Progressive, 240-bed regional medical center seeks 
non-invasive board certified/ eligible cardiologist with 
minimum of five years’ experience. Desire to practice 
invasive cardiology could be accomodated. Familiarity 
with 2D echo, nuclear cardiology, and cardiac rehab. 
desirable but not essential. 


Located two hours north of Boston, this area is ideal 
for four season living with easy access to ocean, lakes, 
| mountains. For further information, contact: Palmer 
P. Jones, Assistant Director, Medical Affairs, 
CENTRAL MAINE MEDICAL CENTER, 300 Main 
Street, Lewiston, ME 04240, (207) 795-2434. An equal 
opportunity employer. 


Coronary Disease Physician-Epidemiologist 


Applications are invited for appointment as Associate Professor in the 
Department of Social and Preventive Medicine, State University of New 
York at Buffalo, School of Medicine. The applicant should have an M.D., 
with at least at M.P.H. or Ph.D. in epidemiology or personal publications 
and teaching experience attesting to equivalent background. Qualifi- 
cations include demonstrated excellence in research, a sound under- 
standing and background in epidemiology, and interest and capabilities 
in elucidating mechanisms underlying coronary disease. Expertise should 
be reflected by a number of publications in reviewed scientific journals. 
Send Curriculum Vitae to: Saxon Graham, Ph.D., Chairman, Department 
of Social and Preventive Medicine, School of Medicine, State University 
of New York at Buffalo, 2211 Main Street, Buffalo, New York 14214. 
SUNYAB is an Equal Opportunity/Affirmative Action Employer. 


CARDIOLOGIST. Board Certified or Board Eligible to join a 
four-man Cardio-Pulmonary group located in Northcentral 
Pennsylvania. We are seeking a Cardiologist with particular in- 
terest in non-invasive Cardiology including 2-dimensional 
echocardiography and radionuclide cardiac studies. Also, and 
interest in teaching house staff and experience in Swan-Ganz, 
pacemakers and critical care is necessary. This position offers 
a competitive compensation package as an employee of the 
hospital in a hospital-based group Cardio-Pulmonary practice. 
For further information call collect (717) 322-7861 Ext. 2806 or 
write: David R. Finn, M.D., Director, Cardio-Pulmonary Depart- 
ment. The Williamsport Hospital, 777 Rural Avenue, William- 
sport, PA. 17701. 
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Cheer upa low cholesterol 
diet with Saffola. 
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saffola margarine | ee eae 
is perfect for your n 
patients following ` NO CHOLESTEROL 


a low-cholesterol 


| Q 
diet. | S 1 rea i " 
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Saffola has no 


cholesterol. And is light, delicious flavor 





higher in beneficial 
polyunsaturates 
than corn oil margarine, even Fleischmann’s or Mazola. 
But because Saffola margarine tastes great. Which could 
mean the difference if your patient strays or stays on his diet. 
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Absolutely no cholesterol and higher in beneficial polyunsaturates. 


1981 Symposium on Obesity 
and the Cardiovascular Diseases 


5th Annual Education Conference of the Pritikin Research Foundation: 
“Management of Cardiovascular Disease and Obesity Through Diet and Exercise.” 


October 23 and 24, 1981 
Miramar-Sheraton Hotel and Pritikin Longevity Center 
Santa Monica, California 


(pana METRE. Dose roe rdg e 
Register early to insure reservations—Attendance is limited. i 


Featured Speakers: . 

John W. Farquhar, M.D. Professor of Medicine, School of 
Medicine, Stanford Medical School : 

Don C. Wakasch, M.D. DCW, Cardiovascular surgeon and i 
Consultant, Houstonian Preventive Profession 
Medicine Center 

Norman Cousins Adjunct Professor, UCLA Schoo! of precy 
Medicine, Former Editor, Saturday Address 
Review 

Nathan Pritikin Founder and Director, Pritikin 
Longevity Center 


This course meets the criteria for approved Continuing Medical Education i i ; ; t : 
Credit for relicensure for physicians by the board of Medical Quality Assur- ; LJ Check if you need hotel accommodations information. i 


Name 


i Telephone ( ) 


ance. (10 hours ) Also approved for 10 hrs. of Continuing Education Dental 
Education Credit for FAGD and MAGD. Approved by the California Board Make checks payable to: Pritikin Research Foundation 
Registered Nursing BRN Provider #03542 for 10 contact hours. For further information contact: 


Fees: Physicians and Dentists: $175. (Includes banquet, meals, i W. Keller, Pritikin Research Foundation 
seminars and abstracts) Allied Health Professionals: $95. 1910 Ocean Front Walk, Santa Monica, Calif. 90405 


(Includes banquet, meals and seminars) (213) 450-5433, Conference Desk 
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Comp-~scan’s rapidly avail- 
able and precise reports are 
presented in the format needed 
by the technician and the 
cardiologist. Comprehensive 
summaries list all major events 


with ectopics classified by type 


and by the hour of occurrence. 
Classified events can be quickly 
and easily verified using the 
minute by minute breakdown 
of any selected hour. Or, the 
user can verify results by speci- 
fic arrhythmia type using 
Comp-scan’s exclusive auto- 
mated arrhythmia search fea- 


In uses modern computer technology to - 
accurately locate and classify each irregular heart- 
beat that occurs in a 24 hour Holter ECG procedure. 
~\~scan then compiles and presents that informa- 
tion in a format that enables rapid verification and 
interpretation of scanned results...so, the cardiologist 
can concentrate on patient diagnosis and treatment. 


ture. Summary reports are 
presented on the color screen 
for immediate review, with 
permanent records provided 
by the high speed printer. 

ECG complexes are presented 
on a separate large display 
screen with permanent printout 
available from the 2-channel 
chart recorder. 


ACCURATE RESULTS 


Comp rscan's computer has 
been programmed to recognize 





COMPU-SCAN 24 HOUR HOLTER TAPE 


EDITED 
TOTALS AND AVERAGE COUNTS 


PATIENT ID REC. DATE 
PHYSICIAN SCANNED BY SCAN DATE / 


PREMATURITY: 90% AREA: 88% 
TOTAL TIME SCANNED: 23 HOURS, 25 MINUTES 


TOTAL QRS COMPLEXES: 104942 
AVERAGE HEART RATE FOR DAY: 74 


HIGH HEART RATE OF 113 


LOW HEART RATE OF 51 


TOTAL PVC: 910 


ectopic events. Once the opera- 
tor has defined a patient's nor- 
mal ECG, Comp" ^scan works by 
itself to locate and classify each 
ectopic event. Advanced hard- 
ware and software design 
allows Comp scan to reject 
artifact while accommodating 
normal physiological changes. 


TOTAL RUNS: 35 
TOTAL COUPLETS: 55 
TOTAL SVE: 83 


TOTAL PAT RUNS: 1 


TOTAL PAUSE 3 


EDITED 
PATIENT ID 


COMPU-SCAN GRAPHIC SUMMARY REPORT 


REC. DATE no 


PVC/1000 ORS: 8 
RUNS/1000 ORS: 8 
COUPLETS/1000 QRS: 8 
SVE/1000 ORS: e 

PAT RUNS/1008 QRS: 8e 
PAUSE/1000 ORS: @ 
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SCANNED BY SCAN DATE 
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Comp"trscans computer never 
gets tired or looks away. Every 
heartbeat of every Holter tape 
is analyzed with precisely the 
same criteria. While the system 
is automatically scanning, 

the operator can perform other 
tasks. And when analysis is 
complete, the operator's exper- 
tise is focused on verification 
and interpretation of results. 


. VERIFIABLE RESULTS 


Comp*~scan can recall every 
heartbeat by the minute in 
which it occurred. So, each 
ectopic event that was detected 
by Comp-scan can be quickly 
displayed on the ECG screen for 
rapid verification. And those 
results can be edited and docu- 
mented with patient ID for per- 
manent record. 
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Medical Systems, Inc. 


9050 Red Branch Road 
Columbia, Maryland 21045 


(301) 997-3400 (800) 638-2896 





COMPU-SCAN SUMMARY 
BY HOUR 


COMPU-SCAN SUMMARY BY MINUTE 
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The New Dimension. . 


O 


TELECTRONICS 


USA EUROPE 

8515 35 Ivor Place 
East Orchard Road London NW1 
Englewood United Kingdom 
Colorado 80111 Telephone 
Telephone 723-3093 

(303) 779-4670 Telex (51) 27950 


1-800-525-7001 
Telex 269581 


ASIA/PACIFIC 


2 Sirius Road 
Lane Cove 
NSW 2066 
Australia 
Telephone 
(02) 428-2999 
Telex AA20576 


SOUTH AMERICA 


837 

Rua Marques 
de Itu 

Conj 42/43 
Sao Paulo 
Brazil 
Telephone 
259-9548 





In Optimal Design & Performance 


e Comprehensive Multi-Programmability 
7 programmable parameters 
over 30,000 program combinations 


e Long-Life Pacing 
new high density power source 


e Ultra-Thin, Elliptical Shape 


9 mm thin for maximum patient comfort 


e High Energy Capability 


achieve capture in high threshold situations 


e Threshold Measuring Mode 


easy determination of stimulation threshold 


Submission Awaiting FDA Approval 
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m Procan™ SR 


M INDICATIONS: Oral procainamide is indicated in the treatment of 
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(procainamide hydrochiaeide! bbe” 

SUSTAINED RELEASE 

Before prescribing, please see full prescribing information. 
A Brief Summary follows: 





The prolonged administration of procainamide often leads to the 
development of a positive antinuclear antibody (ANA) test with or 
without symptoms of lupus erythematosus-like syndrome. If a 
positive ANA titer develops, the benefit/risk ratio related to con- 
tinued procainamide therapy should be assessed. This may 
necessitate consideration of alternative antiarrhythmic therapy. 







premature ventricular contractions and ventricular tachycardia, atrial 
fibrillation, and paroxysmal atrial tachycardia. 


_ CONTRAINDICATIONS: It has been suggested that procainamide 
. becontraindicated in patients with myasthenia gravis. Hypersensitiv- 
_ ity to the drug is an absolute contraindication; in this connection, 


.. Cross-sensitivity to procaine and related drugs must be borne in 


. mind. Procainamide should not be administered to patients with 


—. complete atrioventricular heart block. Procainamide is also contrain- 


-  dicated in cases of second-degree and third-degree A-V block 


^. unless an electrical pacemaker is operative. 


" 


d'a 


PRECAUTIONS: During administration of the drug, evidence of 
untoward myocardial responses should be carefully watched for in 


. . all patients. In the presence of an abnormal myocardium, pro- 


cainamide may at times produce untoward responses. In atrial fibril- 


. lation or flutter, the ventricular rate may increase suddenly as the 


atrial rate is slowed. Adequate digitalization reduces, but does not 
abolish, this danger. If myocardial damage exists, ventricular tachy- 
systole is particularly hazardous. Correction of atrial fibrillation, with 
resultant forceful contractions of the atrium, may cause a dislodge- 
ment of mural thrombi and produce an embolic episode. However, it 
has been suggested that, in a patient who is already discharging 
emboli, procainamide is more likely to stop than to aggravate the 
process. 

Attempts to adjust the heart rate in a patient who has developed 


= ventricular tachycardia during an occlusive coronary episode should 
— be carried out with extreme caution. Caution is also required in 

marked disturbances of atrioventricular conduction such as A-V 

-. block, bundle branch block, or severe digitalis intoxication, where 

. the use of procainamide may result in additional depression of con- 
-duction and ventricular asystole or fibrillation. 


Because patients with severe organic heart disease and ventricu- 


lar tachycardia may also have complete heart block, which is difficult 
- to diagnose under these circumstances, this complication should 
always be kept in mind when treating ventricular arrhythmias with 
- procainamide. If the ventricular rate is significantly slowed by pro- 


cainamide without attainment of regular atrioventricular conduction, 


. the drug should be stopped and the patient re-evaluated because 


asystole may result under these circumstances. 

In patients receiving normal dosage, but who have both liver and 
kidney diseases, symptoms of overdosage (principally ventricular 
tachycardia and severe hypotension) may occur due to drug accu- 
mulation. 

Instances of a syndrome resembling lupus erythematosus have 


—— been reported in connection with maintenance procainamide ther- 


apy. The mechanism of this syndrome is uncertain. Polyarthralgia, 


. arthritis, and pleuritic pain are common symptoms; to a lesser extent, 
_ fever, myalgia, skin lesions, pleural effusion, and pericarditis may 


- occur. Rare cases of thrombocytopenia or Coombs-positive hemo- 


lytic anemia have been reported which may be related to this syn- 


= drome. Patients receiving procainamide for extended periods of 
. time, or in whom symptoms suggestive of a lupus-like reaction 
. appear, should have antinuclear antibody titers measured at regular 


. intervals. The drug should be discontinued if there is a rising titer 
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(antinuclear antibody) or clinical symptoms of LE appear. The LE 
.. Syndrome may be reversible upon discontinuation of the drug. If dis- 


continuation of the drug does not cause remission of the symptoms, 
steroid therapy may be effective. If the syndrome develops ina 
patient with recurrent life-threatening arrhythmias not controllable by 
other antiarrhythmic agents, steroid suppressive therapy may be 
used concomitantly with procainamide. It is recommended that tests 
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receiving maintenance procainamide therapy. 


ADVERSE REACTIONS: Hypotension following oral administration 
is rare. 

Large oral doses of procainamide may sometimes produce 
anorexia, nausea, urticaria, and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported 
(see PRECAUTIONS). Reactions consisting of fever and chills have 
also been reported, including a case with fever and chills plus nau- 
sea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 
serum glutamic oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental depression, giddi- 
ness, and psychosis with hallucinations have been reported. The 
possibility of such untoward effects should be borne in mind. 

Hypersensitivity reactions, such as angioneurotic edema and 
maculopapular rash have also occurred. 

Agranulocytosis has occasionally followed the repeated use of the 
drug, and deaths have occurred. Therefore, routine blood counts are 
advisable during maintenance procainamide therapy. The patient 
should be instructed to report any soreness of the mouth, throat, or 
gums, unexplained fever, or any symptoms of upper respiratory tract 
infection. If any of these should occur, and leukocyte counts indicate 
cellular depression, procainamide therapy should be discontinued 
and appropriate treatment should be instituted immediately. 


DOSAGE AND ADMINISTRATION: Procan SR (procainamide 
hydrochloride tablets) are a sustained-release product form. The 
duration of action of procainamide hydrochloride supplied in this 
sustained-release product form allows dosing at intervals of every six 
hours instead of the more frequent every-three-hour dosing interval 
required for standard preparations of oral procainamide hydrochlo- 
ride. The convenient six-hour dosing schedule may encourage 
patient compliance. 

Ventricular tachycardia— Treatment with standard procainamide 
hydrochloride is recommended until the tachycardia is interrupted or 
the limit of tolerance is reached. Maintenance may then be continued 
with Procan SR. 

The suggested dosage is as follows: An initial dose of 1 g of stan- 
dard procainamide hydrochloride followed thereafter by a total daily 
dosage of 50 mg/kg of body weight given at three-hour intervals. 
The suggested oral dosage for premature ventricular contractions is 
50 mg/kg of body weight daily given in divided doses at three-hour 
intervals. 

The suggested maintenance dosage of Procan SR is 50 mg/kg of 
body weight daily given in divided doses at six-hour intervals. 

Although the dosage for each patient must be determined on an 
individual basis, the following may be used as a guide for providing 
the total daily dosage: patients weighing less than 55 kg (120 Ib), 0.5 
g every six hours; patients weighing between 55 and 91 kg (120 and 
200 Ib), 0.75 g every six hours; and patients weighing over 91 kg (200 
Ib), 1g every six hours. 

Atrial fibrillation and paroxysmal atrial tachycardia — Treatment 
with standard procainamide hydrochloride is recommended until the 
arrhythmia is interrupted or the limit of tolerance is reached. Mainte- 
nance may then be continued with Procan SR. 

The suggested dosage is as follows: An initial dose of 1.25 g of 
standard procainamide hydrochloride may be followed in one hour 
by 0.75 g if there have been no electrocardiographic changes. Stan- 
dard procainamide hydrochloride may then be given at a dosage of 
0.5 g to 1 g every two hours until interruption of the arrhythmia or the 
tolerance limit is reached. 

The suggested maintenance dosage for Procan SR is 1 g every six 
hours. 

If procainamide therapy is continued for appreciable periods, 
electrocardiograms should be made occasionally to determine the 
need for the drug. 


HOW SUPPLIED: N 0071-0202 Procan SR 250 mg. Each sustained- 
release tablet contains 250 mg procainamide hydrochloride. Avail- 
able in bottles of 100 tablets and in unit-dose packages of 100 (10 
strips of 10 tablets each). 

N 0071-0204 Procan SR 500 mg. Each sustained-release, scored 
tablet contains 500 mg procainamide hydrochloride. Available in 
bottles of 100 tablets and in unit-dose packages of 100 (10 strips of 10, 
tablets each). zp 





References: 1. Leahey EB Jr, Reiffel JA, Giardina E-GV, et al: The effect of quinidine and other oral antiarrhythmic drugs on serum digoxin. 


Ann Intern Med 92:605-608, May 1980. 


2. Smith TC, Kinkel AW: Plasma levels of procainamide after administration of conventional and sustained-release preparations. 


Curr Therap Res 27: 217- 228, 1980. 
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ventricular posterior wall: two 
dimensional echocardiographic and 
angiographic features, 708 

Pulsed Doppler echocardiographic 
detection of right-sided valve 
regurgitation, 279 

Quantitative two dimensional 
echocardiography during bicycle 
exercise in normal subjects, 866 

Reproducibility of left ventricular internal 
dimensions with M mode 
echocardiography: effects of heart 
size, body position and transducer 
angulation, 1068 

Role of M mode echocardiography in 
congenital aortic stenosis, 1267 

Subcostal echocardiography to determine 
right ventricular pacing catheter 
position and control advancement of 
electrode catheters in intracardiac 
electrophysiologic studies, 1260 

Systolic and diastolic properties of the 
human left ventricle during valve 
replacement for chronic mitral 
regurgitation, 40 

Transvenous intracardiac 
echocardiography, 1255 

Two dimensional echocardiographic 
evaluation of mustard operation for 
d-transposition of the great arteries, 
654 

Ventricular septal defect in infancy: 
detection with two dimensional 
echocardiography, 85 

Ejection fraction 

Intravenous xenon-133 for the 
determination of radionuclide first pass 
right ventricular ejection fraction, 626 

Radionuclide angiographic assessment of 
left ventricular function during exercise 
in patients with a severely reduced 
ejection fraction, 804 

Electrocardiography 

Clinical course of cardiovascular 
involvement in the mucocutaneous 
lymph node syndrome, 323 

Coronary arterial lesions in young men 
who survived a first myocardial 
infarction: clinical and 
electrocardiographic predictors of 
triple vessel disease, 810 

Prognosis in hypertrophic 
cardiomyopathy: role of age and 
clinical, electrocardiographic and 
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hemodynamic features, 532 
Electrocardiography, ambulatory 

Comparison of ambulatory 
electrocardiography and exercise 
testing, 1359 

Repeated 1 hour electrocardiographic 
monitoring of survivors of myocardial 
infarction at 6 month intervals: 
arrhythmia detection and relation to 
prognosis, 1197 

Electrocardiography, exercise 

See also Symposium on Future 
Directions in Exercise Testing and 
Exercise Electrocardiography 

Analysis of exercise-induced changes in 
R wave amplitude in asymptomatic 
men with electrocardiographic ST-T 
changes at rest, 238 

Comparative sensitivity and specificity of 
exercise electrocardiographic lead 
systems, 1335 

Evaluation of abnormal exercise 
electrocardiogram in apparently 
healthy subjects: labile repolarization 
(ST-T) abnormalities as a cause of 
false positive responses, 1152 

Progress in computer analysis of the 
exercise electrocardiogram, 1143 

Spasm in response to exercise and 
exercise-induced S-T segment 
elevation, 1350 

Toward the optimal lead system and 
optimal criteria for exercise 
electrocardiography, 1366 

Variations in normal electrocardiographic 
response to treadmill testing, 1161 

Electrophysiologic studies 

Effect of lidocaine on escape rate in 
patients with complete atrioventricular 
block: proximal His bundle block, 1315 

Effects of procainamide on 
strength-interval relations in normal 
and chronically infarcted canine 
myocardium, 1223 

Electrophysiologic effects of 
N-acetylprocainamide in human beings, 
1134 

Electrophysiologic effects of ouabain in 
patients with preexcitation and circus 
movement tachycardia, 139 

Extra-adrenergic mechanisms responsible 
for the effects of 
glucose-insulin-potassium solution on 
vulnerability to ventricular fibrillation, 
251 

Human ventricular refractoriness: effects 
of increasing current, 244 

Mexiletine for refractory-ventricular 
arrhythmias: results using serial 
electrophysiologic testing, 131 

Paroxysmal atrial fibrillation in the 
Wolff-Parkinson-White syndrome, 562 

Subcostal echocardiography to determine 
right ventricular pacing catheter 
position and control advancement of 
electrode catheters in intracardiac 
electrophysiologic studies, 1260 

"Supernormal' phase of atrioventricular 
conduction with concealed capture 
beats, 371 ' 

Termination of circus movement 
tachycardia utilizing an accessory 
atrioventricular pathway by retrograde 
concealed penetration of the 
atrioventricular node through the 
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bundle branch system, 1173 
Embolism, pulmonary 
History and physical examination in acute 
pulmonary embolism in patients 
without preexisting cardiac or 
pulmonary disease, 218 
. Endocarditis 
Cardiac catheterization and 
echocardiography in infective 
endocarditis (LE), 1183 
Congenitally bicuspid aortic valve causing 
severe, pure aortic regurgitation 
without superimposed infective 
endocarditis, 206 
Noninvasive methods for detection of 
valve vegetations in infective 
endocarditis, 27 1 
. Epidemiologic studies 
Comparative features of newly acquired 
left and right bundle branch block in 
P the general population: the 
( Framingham study, 931 
h . Ergonovine maleate 
-. . Ergonovine testing to detect spontaneous 
É remissions of variant angina during 
er 





s long-term treatment with calcium 

" antagonist drugs, 179 

.. Ethanol 

= Acute effects of ethanol on myocardial 
blood flow in the nonischemic and 
ischemic heart, 61 

. Exercise testing 

See also Symposium on Future 
Directions in Exercise Testing and 
Exercise Electrocardiography 

Analysis of exercise-induced changes in 
R wave amplitude in asymptomatic 
men with electrocardiographic ST-T 
changes at rest, 238 

Approximate normal standards of 
maximal cardiac output during upright 
exercise in women, 1080 

T Cardiac function during rest and exercise 





F in patients with mitral valve prolapse, 
bs 14 

b 

G Comparative sensitivity and specificity of 
E exercise electrocardiographic lead 


Y systems, 1335 
|... Comparison of ambulatory 
electrocardiography and exercise 
P testing, 1359 
Comparison of the results and 
reproducibility of arm and leg exercise 
tests in men with angina pectoris, 
1075 
L Computer quantitation of Q-T and 
J terminal T wave (aT-eT) intervals 
during exercise: methodology and 
results in normal men, 1168 
| Coronary sinus blood flow at rest and 
I during isometric exercise in patients 
n with aortic valve disease, 199 
Derivation of systolic time intervals from 
E. Doppler measurement of temporal 
fe arterial blood flow, 68 
: Exercise cross-sectional 
echocardiographic diagnosis of 
coronary artery disease, 20 
Exercise-induced angina provoked by 
aspirin administration in patients with 
variant angina, 1210 
Exercise-induced S-T elevation, coronary 
artery disease and variant angina (LE), 
1181 
Hemodynamic effects of molsidomine at 
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rest and during submaximal and 
maximal exercise in patients with 
coronary artery disease limited by 
exertional angina pectoris, 109 
Hemodynamics at rest and during 
exercise after oral hydralazine in 
patients with cor pulmonale, 116 
Importance of coronary collateral 
circulation in interpreting exercise test 
results, 27 
Improved exercise performance in 
persons with stable angina pectoris 
receiving diltiazem, 95 
Lack of correlation between exercise 
capacity and indexes of resting left 
ventricular performance in heart 
failure, 33 
Maximal exercise capacity in children 
with heart defects (LE), 1381 
Progress in computer analysis of the 
exercise electrocardiogram, 1143 
Quantitative two dimensional 
echocardiography during bicycle 
exercise in normal subjects, 866 
Radionuclide angiographic assessment of 
left ventricular function during exercise 
in patients with a severely reduced 
ejection fraction, 804 
Reassessment of vasodilator therapy in 
angina: effects of oral isosorbide 
dinitrate and hydralazine on exercise 
tolerance in patients receiving 
propranolol, 910 
Response of the left ventricle to stress: 
effects of exercise, atrial pacing, 
afterload stress and drugs, 357 
Spasm in response to exercise and 
exercise-induced S-T segment 
elevation, 1350 
Toward the optimal lead system and 
optimal criteria for exercise 
electrocardiography, 1366 
Exercise training 
Effects of exercise training on left 
ventricular performance and 
myocardial perfusion in patients with 
coronary artery disease, 797 
Fatigue 
Predicting cardiac morbidity based on risk 
factors and coronary angiographic 
findings, 73 
Fibroelastosis 
Postnatal endocardial fibroelastosis of the 
valve of the foramen ovale, 90 
Foramen ovale 
Postnatal endocardial fibroelastosis of the 
valve of the foramen ovale, 90 
Framingham study 
Comparative features of newly acquired 
left and right bundle branch block in 
the general population: the 
Framingham study, 931 
Glucose-insulin-potassium 
Extra-adrenergic mechanisms responsible 
for the effects of 
glucose-insulin-potassium solution on 
vulnerability to ventricular fibrillation, 
251 
Grafts 
Indium-111 platelet imaging for detection 
of platelet deposition in abdominal 
aneurysms and prosthetic arterial 
grafts, 882 
Reduction of thrombosis in canine. 
coronary bypass vein grafts with 
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dipyridamole and aspirin, 1248 
Heart block 
Effect of lidocaine on escape rate in 
patients with complete atrioventricular 
block: proximal His bundle block, 1315 
Heart, denervated 
Complete denervation of the heart 
(autotransplantation) for treatment of 
severe, refractory coronary spasm, 
1375 
Heart rate 
Shortened platelet survival time and 
enhanced heart rate responses after 
abrupt withdrawal of propranolol from 
normal subjects, 1115 
ics 
Comparison of hemodynamic actions of 
pirbuterol and dobutamine on cardiac 
function in severe congestive heart 
failure, 665 
Hemodynamic effects of intravenous 
prenalterol in severe heart failure, 670 
Hemodynamic effects of molsidomine at 
rest and during submaximal and 
maximal exercise in patients with 
coronary artery disease limited by 
exertional angina pectoris, 109 
Hemodynamics at rest and during 
exercise after oral hydralazine in 
patients with cor pulmonale, 116 
Influence of severity of ventricular 
dysfunction on hemodynamic 
responses to intravenously 
administered verapamil in ischemic 
heart disease, 917 
Natural history of idiopathic dilated 
cardiomyopathy, 525 
Prognosis in hypertrophic 
cardiomyopathy: role of age and 
clinical, electrocardiographic and 
hemodynamic features, 532 
Prostacyclin in experimental myocardial 
ischemia: effects on hemodynamics, 
regional myocardial blood flow, infarct 
size and mortality, 835 
Relation between ionized calcium 
concentration and ventricular pump 
performance in the dog under 
hemodynamically controlled conditions, 
1041 
Systolic and diastolic properties of the 
human left ventricle during valve 
replacement for chronic mitral 
regurgitation, 40 
Hemolysis 
Intravascular hemolysis associated with 
porcine mitral valve calcification in 
children, 1286 
His bundle 
Effect of lidocaine on escape rate in 
patients with complete atrioventricular 
block: proximal His bundle block, 1315 
Histologic studies 
Postnatal endocardial fibroelastosis of the 
valve of the foramen ovale, 90 
History of cardiology 
Frustrated benevolence of ''Dr. 
Anonymous”, 185 
Laennec bicentennial, 377 
Hurler syndrome 
Coronary artery disease in the Hurler 
syndrome, 649 
Hydralazine 
Hemodynamics at rest and during 
exercise after oral hydralazine in e <4 
patients with cor pulmonale, 116 i 
Reassessment of vasodilator therapy in 
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angina: effects of oral isosorbide 
dinitrate and hydralazine on exercise 
tolerance in patients receiving 
propranolol, 910 
Hypertension 
See also Bethesda Conference on 
Prevention of Coronary Heart Disease 
Clinical correlates in hypertensive 
patients with left ventricular 
hypertrophy diagnosed with 
echocardiography, 335 
Continued gains in hypertension, 375 
Coronary flow studies in patients with left 
ventricular hypertrophy of the 
hypertensive type, 547 
Echocardiographic diastolic ventricular 
abnormality in hypertensive heart 
disease: atrial emptying index, 1087 
Platelet function in hypertension and 
effect of therapy, 331 
Hypertrophy 
Clinical correlates in hypertensive 
patients with left ventricular 
hypertrophy diagnosed with 
echocardiography, 335 
Coronary flow studies in patients with left 
ventricular hypertrophy of the 
hypertensive type, 547 
Infants 
Comparative right and left ventricular 
volumes and pump function in the 
newborn lamb, 855 
Management of symptomatic infants with 
anomalous origin of the left coronary 
artery from the pulmonary artery, 642 
Preoperative angiocardiography in infants 
with tetrad of Fallot, 1279 
Propranolol: the preferred palliation for 
tetralogy of Fallot, 1098 
Ventricular septal defect in infancy: 
detection with two dimensional 
echocardiography, 85 


informed consent 


The courts and informed consent (LE), 
1182 


Ischemia 


Acute effects of ethanol on myocardial 
blood flow in the nonischemic and 
ischemic heart, 61 

"Border zone” in evolving myocardial 
infarction: controversy or confusion? 
1321 

Characterization of the lateral interface 
between normal and ischemic tissue in 
the canine heart during evolving 
myocardial infarction, 1233 

Clinicopathologic correlates of acute 
ischemic heart disease syndromes, 
343 

Differential effects of renografin-76 on 
the ischemic and nonischemic 
myocardium, 597 

Effects of diastolic synchronized 
retroperfusion on regional coronary 
blood flow in experimental myocardial 
ischemia, 1033 

Influence of severity of ventricular 
dysfunction on hemodynamic 
responses to intravenously 

administered verapamil in ischemic 
heart disease, 917 

Nifedipine in the treatment of unstable 
angina, Coronary spasm and 
myocardial ischemia, 163 


e Prostacyclin in experimental myocardial 
$ ischemia: effects on hemodynamics, 
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size and mortality, 835 
Isoproterenol 
Adrenergic regulation of total systemic 
distensibility, 579 
Response of the left ventricle to stress: 
. effects of exercise, atrial pacing, 
afterload stress and drugs, 357 
Isosorbide dinitrate 
Reassessment of vasodilator therapy in 
angina: effects of oral isosorbide 
dinitrate and hydralazine on exercise 
tolerance in patients receiving 
propranolol, 910 
is 


Hypertrophic obstructive cardiomyopathy 
and lentiginosis: a little known neural 
ectodermal syndrome, 214 

Letters to the Editor 

Cardiac catheterization and 
echocardiography in infective 
endocarditis, 1183 

Coronary heart disease and sudden death 
while running, 1381 

Coronary spasm and coronary artery 
disease—|, 1178 

Coronary spasm and coronary artery 
disease—ll, 1178 

Coronary spasm and coronary artery 
disease—ll, 1180 

Exercise-induced S-T elevation, coronary 
artery disease and variant angina, 1181 

Maximal exercise capacity in children 
with heart defects, 1381 

Radionuclide ejection fraction after 
prazosin, 1184 

The courts and informed consent, 1182 

Vasopressors and cardiac rupture, 1184 

Lidocaine 

Effect of lidocaine on escape rate in 
patients with complete atrioventricular 
block: proximal His bundle block, 1315 

Regional myocardial kinetics of lidocaine 
in experimental infarction: modulation 
by regional blood flow, 265 


Contractile mechanics and interaction of 
the right and left ventricles, 686 
Medical education 
See also American College of Cardiology, 
Bethesda Conference on Prevention of 
Coronary Heart Disease 
Adult cardiovascular training programs in 
the United States, 777 
Mexiletine 
Mexiletine for refractory-ventricular 
arrhythmias: results using serial 
electrophysiologic testing, 131 
Mexiletine for ventricular arrhythmias, 
895 
Mitral regurgitation 
Early changes in left ventricular size and 
function after correction of left 
ventricular volume overload, 991 
Forward stroke volume calculated from 
aortic valve echograms in normal 
subjects and patients with mitral 
regurgitation secondary to left 
ventricular dysfunction, 1215 
Left ventricular regional wall motion and 
velocity of shortening in chronic mitral 
and aortic regurgitation, 1005 
Systolic and diastolic properties of the 
human left ventricle during valve 
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regurgitation, 40 T 
Mitral stenosis 
Right ventricular performance in mitral 
stenosis, 51 
Mitral valve disease 


Coronary arteriography and atrial 


thrombosis in mitral valve disease, 973 


Long-term results of open radical mitral 
commissurotomy: ten year follow-up 
study of 202 patients, 821 

Mitral valve prolapse 

Cardiac function during rest and exercise - 
in patients with mitral valve prolapse, 
14 

Left ventricular function in mitral valve — 
prolapse: assessment with radionuclide - 


cineangiography, 7 - 


Molsidomine 
Hemodynamic effects of molsidomine at 
rest and during submaximal! and 
maximal exercise in patients with 
coronary artery disease limited by 
exertional angina pectoris, 109 
lymph node syndrome 
Clinical course of cardiovascular 
involvement in the mucocutaneous 
lymph node syndrome, 323 
Myocardial bridging 
Abnormal regional myocardial flow in 
myocardial bridging of the left anterior 
descending coronary artery, 978 
Myocardial imaging 
Clinical course of cardiovascular 
involvement in the mucocutaneous 
lymph node syndrome, 323 
Gated cardiac blood pool imaging and 
thallium-201 myocardial scintigraphy 
for detection of remote myocardial 
infarction, 1 
Noninvasive methods for detection of 
valve vegetations in infective 
endocarditis, 27 1 
Radionuclide regurgitant index: value and 
limitations, 292 


Myocardial infarct 


"Border zone” in evolving myocardial 
infarction: controversy or confusion? 
1321 

Clinicopathologic correlates of acute 
ischemic heart disease syndromes, 
343 

Influence of sulfinpyrazone and naproxen 
on infarct size in the dog, 841 

Lack of effect of aspirin on myocardial 
infarct size in the dog, 258 

Prostacyclin in experimental myocardial 
ischemia: effects on hemodynamics, 
regional myocardial blood flow, infarct 
size and mortality, 835 


Myocardial infarction 


Bedside recognition, incidence and 
clinical course of right ventricular 
infarction, 224 

"Border zone” in evolving myocardial 
infarction: controversy or confusion? 
1321 

Characterization of the lateral interface 
between normal and ischemic tissue in 
the canine heart during evolving 
myocardial infarction, 1233 

Coronary arterial lesions in young men 
who survived a first myocardial 
infarction: clinical and 
electrocardiographic predictors of 
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triple vessel disease, 810 
Defining thé anatomic perfusion bed of an 
occluded coronary artery and the 
region at risk of infarction, 1240 
Detection and quantification of acute, 
isolated myocardial infarction by two 
dimensional echocardiography, 1020 
Effects of procainamide on 
strength-interval relations in pormal 
and chronically infarcted canine 
myocardium, 1223 
Gated cardiac blood pool imaging and 
thallium-201 myocardial scintigraphy 
for detection of remote myocardial 
infarction, 1 
Predicting cardiac morbidity based on risk 
factors and coronary angiographic 
findings, 73 
Randomized controlled trial of intraaortic 
balloon counterpulsation in early 
myocardial infarction with acute heart 
: failure, 815 
_ Regional myocardial kinetics of lidocaine 
in experimental infarction: modulation 
by regional blood flow, 265 
Myocardial infarction, acute 
-= Predicting the extent and location of 
f coronary artery disease during the 
i early postinfarction period by 
å quantitative thallium-201 scintigraphy, 
^ 1010 
= Preponderance of acute proximal left 
i anterior descending coronary arterial 
r lesions in fatal myocardial infarction: a 
< clinicopathologic study, 1189 
_ Repeated 1 hour electrocardiographic 
monitoring of survivors of myocardial 
k infarction at 6 month intervals: 
arrhythmia detection and relation to 


Effects of exercise training on left 
ventricular performance and 
P myocardial perfusion in patients with 
Lb. coronary artery disease, 797 
, Myocardium 
. Differential effects of renografin-76 on 
l the ischemic and nonischemic 
Ku myocardium, 597 
a Effects of procainamide on 
E strength-interval relations in normal 
" and chronically infarcted canine 
S. myocardium, 1223 
i . N-acetylprocainamide 
-Clinical pharmacology and antiarrhythmic 
efficacy of N-acetylprocainamide, 123 
Electrophysiologic effects of 
N-acetylprocainamide in human beings, 
1134 
Naproxen 
Influence of sulfinpyrazone and naproxen 
... on infarct size in the dog, 841 
Nifedipine 
Comparison of verapamil and nifedipine 
in the treatment of variant angina 
pectoris: preliminary observations in 
10 patients, 1295 
Effects of verapamil and nifedipine on left 
ventricular function at rest and during 
hei exercise in patients with Prinzmetal's 
variant angina pectoris, 1289 
Nifedipine in the treatment of unstable 
angina, coronary spasm and 
myocardial ischemia, 163 
Therapy of coronary vasoconstriction in 
patients with coronary artery disease, 
157 
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Myocardial perfusion 
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Treatment of Prinzmetal's variant angina, 
174 
Nitroglycerin 
Effect of intravenous and intracoronary 
nitroglycerin on left ventricular wall 
motion and perfusion in patients with 
coronary artery disease, 102 
Treatment of vasospastic angina pectoris 
at rest with nitroglycerin ointment: a 
short-term controlled study in the 
coronary care unit, 1128 
Norepinephrine 
Adrenergic regulation of total systemic 
distensibility, 579 
Normal values 
Approximate normal standards of 
maximal cardiac output during upright 
exercise in women, 1080 
Computer quantitation of Q-T and 
terminal T wave (aT-eT) intervals 
during exercise: methodology and 
results in normal men, 1168 
Forward stroke volume calculated from 
aortic valve echograms in normal 
subjects and patients with mitral 
regurgitation secondary to left 
ventricular dysfunction, 1215 
Quantitative two dimensional 
echocardiography during bicycle 
exercise in normal subjects, 866 
Shortened platelet survival time and 
enhanced heart rate responses after 
abrupt withdrawal of propranolol from 
normal subjects, 1115 
Variations in normal electrocardiographic 
response to treadmill testing, 1161 
Nuclear medicine 
Acute effects of ethanol on myocardial 
blood flow in the nonischemic and 
ischemic heart, 61 
Assessment of left ventricular function by 
radionuclide angiography during 
induced supraventricular tachycardia, 
555 
Clinical application of radionuclide 
quantitation of left-to-right cardiac 
shunts in children, 1273 
Exercise-induced regional wall motion 
abnormalities on radionuclide 
angiography. lack of reliability for 
detection of coronary artery disease in 
the presence of valvular heart disease, 
861 
Gated cardiac blood pool imaging and 
thallium-201 myocardial scintigraphy 
for detection of remote myocardial 
infarction, 1 
Intravenous xenon-133 for the 
determination of radionuclide first pass 
right ventricular ejection fraction, 626 
Left ventricular function in mitral valve 
prolapse: assessment with radionuclide 
cineangiography, 7 
Method for quantitative analysis of 
regional left ventricular function with 
first pass and gated blood pool 
scintigraphy, 618 
Noninvasive detection of left ventricular 
dysfunction with a portable 
electrocardiographic gated scintillation 
probe device, 610 
Noninvasive methods for detection of 
valve vegetations in infective 
endocarditis, 27 1 
Noninvasive radiographic assessment of 
cardiovascular function in acute and 
chronic respiratory failure, 950 
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Quantification of valve regurgitation by 
radionuclide angiography before and 
after valve replacement surgery, 287 

Radionuclide angiographic assessment of 
left ventricular function during exercise 
in patients with a severely reduced 
ejection fraction, 804 

Radionuclide regurgitant index: value and 
limitations, 292 

Right ventricular function in adult atrial 
septal defect, 56 

Nuclear stethoscope 

Noninvasive detection of left ventricular 
dysfunction with a portable 
electrocardiographic gated scintillation 
probe device, 610 

Obesity 

See also Bethesda Conference on 

Prevention of Coronary Heart Disease 
Ouabain 

Electrophysiologic effects of ouabain in 
patients with preexcitation and circus 
movement tachycardia, 139 

Oxprenolol 

Slow release oxprenolol in angina 
pectoris: study comparing oxprenolol, 
once daily, with propranolol, four times 
daily, 1123 

Pacing, atrial 

Response of the left ventricle to stress: 
effects of exercise, atrial pacing, 
afterload stress and drugs, 357 

Pacing, ventricular 

Management of recurrent ventricular | 
tachyarrhythmias associated with Q-T 
prolongation, 1301 

Pediatric cardiology 

See also Bethesda Conference on 
Prevention of Coronary Heart Disease 

Clinical application of radionuclide 
quantitation of left-to-right cardiac 
shunts in children, 1273 

Comparative right and left ventricular 
volumes and pump function in the 
newborn lamb, 855 

Coronary artery disease in the Hurler 
syndrome, 649 

Hereditary dysplasia of the pulmonary 
valve in beagle dogs, 631 

Idiopathic recurrent sustained ventricular 
tachycardia in children and 
adolescents, 315 

Intravascular hemolysis associated with 
porcine mitral valve calcification in 
children, 1286 

Left ventricular volume characteristics in 
children with tricuspid atresia before 
and after surgery, 1105 

Management of symptomatic infants with 
anomalous origin of the left coronary 
artery from the pulmonary artery, 642 

Maximal exercise capacity in children 
with heart defects (LE), 1381 

Postnatal endocardial fibroelastosis of the 
valve of the foramen ovale, 90 

Preoperative angiocardiography in infants 
with tetrad of Fallot, 1279 

Propranolol: the preferred palliation for 
tetralogy of Fallot, 1098 

Results of intraventricular baffle 
procedure for ventricular septal defect 
and double outlet right ventricle or 
d-transposition of the great arteries, 
307 

Role of M mode echocardiography in 
congenital aortic stenosis, 1267 

Treatment of d-transposition of the great 
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arteries: management of hypoxemia 
after balloon atrial septostomy, 299 
Two dimensional echocardiographic 
evaluation of mustard operation for 
d-transposition of the great arteries, 
654 
Ventricular septal defect in infancy: 
detection with two dimensional 
echocardiography, 85 
Ventricular tachycardia in children, 1091 
Pericardial effusion 
Echocardiographic mimicry of pericardial 
effusion, 365 
Pericarditis 
Delayed pericardial disease after 
radiotherapy, 210 
Left ventricular filling in differentiating 
restrictive amyloid cardiomyopathy and 
constrictive pericarditis, 791 
Pirbuterol 
Comparison of hemodynamic actions of 
pirbuterol and dobutamine on cardiac 
function in severe congestive heart 
failure, 665 
Platelet imaging 
Indium-111 platelet imaging for detection 
of platelet deposition in abdominal 
aneurysms and prosthetic arterial 
grafts, 882 
Left ventricular thrombi: in vivo detection 
by indium-111 platelet imaging and two 
dimensional echocardiography, 874 
Plexectomy 
Treatment of Prinzmetal's variant angina, 
174 
Prazosin 
Radionuclide ejection fraction after 
prazosin (LE), 1184 
Prenalterol 
Hemodynamic effects of intravenous 
prenalterol in severe heart failure, 670 
Prevention 
See also Bethesda Conference on 
Prevention of Coronary Heart Disease 
Mission of prevention, 7 17 
Scientific foundation for prevention of 
coronary heart disease, 720 
Procainamide 
Effects of procainamide on 
strength-interval relations in normal 
and chronically infarcted canine 
myocardium, 1223 
Electrophysiologic effects of 
N-acetylprocainamide in human beings, 
1134 
Procainamide-induced polymorphous 
ventricular tachycardia, 1309 
Prognosis 
Coronary arterial lesions in young men 
who survived a first myocardial 
infarction: clinical and - 
electrocardiographic predictors of 
triple vessel disease, 810 
Natural history of idiopathic dilated 
cardiomyopathy, 525 
Preoperative factors affecting the 
outcome of isolated mitral valve 
replacement: a 10 year review, 826 
Prognosis in hypertrophic 
cardiomyopathy: role of age and 
clinical, electrocardiographic and 
hemodynamic features, 532 
Prognostic importance of anginal 
symptoms in angiographically defined 
e vii artery disease, 233 
Propranolol: the preferred palliation for 
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tetralogy of Fallot, 1098 
Reassessment of vasodilator therapy in 
angina: effects of oral isosorbide 
dinitrate and hydralazine on exercise 
tolerance in patients receiving 
propranolol, 910 
Shortened platelet survival time and 
enhanced heart rate responses after 
abrupt withdrawal of propranolol from 
normal subjects, 1115 
Slow release oxprenolol in angina 
pectoris: study comparing oxprenolol, 
once daily, with propranolol, four times 
daily, 1123 
Prostacyclin 
Platelet function studies in coronary 
artery disease. X. effect of 
dipyridamole, 1111 
Prostacyclin in experimental myocardial 
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If you WOuld t think 9 changing 
your brand of digitalis, shouldn't you 
think twice before switching from 
LASIX furosemide to a substitute? 


mg Em pas TENER Sy 7 . = ae st 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
mias.’ Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity.” 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 


with digitalis is LASIx® brand of furosemide. 


However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients. ^*^^ 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinieal effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LASIx®, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LAsrx® that established 
the standard for furosemide performance. 
It is LASIx® that is the subject of almost 
6,000 published papers. It is LAsrx® that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LASIx® that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX® tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 


information, a summary of which appears on the 
following page. 


HOECHST-ROUSSEL 
PHARMACEUTICALS INCORPORATED 
& SOMERVILLE, NEW JERSEY 08876 


References: 1. Moe GK, Farah AE: Digitalis and allied cardiac glycosides, in Goodman LS and Gilman A (eds): The Pharmacological 


Basis of Therapeutics, ed 5. New York, Macmillan Publishing Co, 1970, p 


653-682. 2. Smith TW: Digitalis: Ions, inotropy and toxicity, 


p 
editorial. N. Engl. J. Med. 299:545, 1978. 3. Rubinstein MH, Eastwood BA, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, 
U.K.: The effect of lubricant type and concentration on the bioavailability of furosemide from 80 mg tablets: J. Pharm. Pharmacol. 30 
(suppl.):12P, Dec. 1978. 4. Rubinstein MH, Price EF, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, U.K.: In vivo 
evaluation of the effect of five disintegrants on the bioavailability of furosemide from 40 mg tablets: J. Pharm. Pharmacol. 29 
(Suppl.):5P, Dec. 1977. 5. Rubinstein MH, Rughani JM, School of Pharmacy, Liverpool Polytechnic, Byrom Street, Liverpool L3 3AF, 
U.K.: The effect of four tablet binders on the bioavailability of furosemide from 40 mg tablets: Drug Development and Industrial 
Pharmacy 4(6): 541-553 (1978). 6. HEW News, publication 79-6, U.S. Department of Health, Education and Welfare (Food and Drug 


Administration), March 30, 1979, pp 2-3. 





Specify LASIX* brand of furosemide. To be sure the 
patient receives only LASIX®, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 
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A brief summary of the Prescribing Information for Lasix - 


(furosemide). Tablets 20, 40 and 80 mg. 
WARNING: Lasix (furosemide) is a potent diuretic which, If 
given in excessive amounts, can lead to a profound diuresis 
with wrer and electrolyte depletion. Therefore, careful med- 
ical supervision is red, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequate!y con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide olone. 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may couse fetal abnormalities, 
the drug is contraindicated in worfien of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 


* reduction in blood volume, with circulatory collapse and with 


‘the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity. 
Exercise care in patients receiving potassium-deplefi 

steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withcraw 
the drug. Initial therapy of patients with ic cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 


. rhotic patients for sudden fluid and electrolyte imbalances that 


may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop - 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. : 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 


_ known to be ototoxic were given. If the physician elects to use 


high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
minute has been used.) 
ECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especiolly in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 


. should be observed for clinical signs of fluid or electrolyte 


imbalance, namely, hyponatremia, hypochloremic alkalosis, 


and hypokalemia. Serum and urine electrolyte determinations 


. gre particularly important when the patient is vomiting exces- 


sively or receiving parenteral fluids. Medication such as digi- 


talis may also influence serum electrolytes. Hypokalemia may 


develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 


. —  - with adequate oral electrolyte intake will also contribute to 











hypokalemia. Digitalis may exaggerate metabolic effects of 
hypokalemia, especially with reference to myocardial activity 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting anc two- 


hour postprandial sugar have been observed, and rare cases of 


precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
hove been observed in association with dehydration, which 
Should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity ot lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may premos the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cephaioridine. 


Therefore, furosemide and cephaloridine should not be ac- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
"egi to preclude effectiveness of the pressor agent for therapeu- 
use. 
It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
antih sive effect of Lasix (furosemide) is achieved. 
AD REACTIONS: Anorexia, oral and gostric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
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THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf£, MD, FACC 





Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University of 
Tel Aviv—Sackler School of Medicine. 


Every cardiologist, internist, pediatrician, surgeon—indeed, 


every physician —should have a good basic knowledge of 


c 
1 


the Pre-excitation Syndrome. Here are just a few reasons why 
this is so essential: 


1 of all pre-excitation cases are misdiagnosed. 

5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

[n ! of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 


|) V5 to !? of all children with pre-excitation have an 


Starting with Wolff, Parkinson and White's classic paper, this 


additional heart disease. 


book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 


at the same time evaluating relative strengths and weaknesses 


aa . 


} 


of each observation and hypothesis. There is brought a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson:White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiologvy. © 


Thomas N. James, MD 
The Mary Gertrude Waters Prof. 


ham, and Physician-in-Chief, University of Alabama Hospitals. 


essor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 


YORKE MEDICAL BOOKS, 666 Fifth Ave., N.Y., N.Y. 10103 
Please send me a copy of THE PRE-EXCITATION SYNDROME 
at $33.00. I may use the book for 30 days and if not completely 
satisfied, return it for full refund or credit. 


Bill me plus cost of shipping. 
Payment enclosed, publisher pays shipping. 
Charge my credit card: MasterCard Visa. 











Card No. Expire Date . 
NAME 
ADDRESS 
GITY. x ON AMD c ZIP 


New York residents add applicable sales tax. Countries outside Western Hemisphere add 
AJC 6/81 


$5.00 per copy. 
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B::'UPYOU : 
PATIENT 
EDUCATION 


. Order from 
Pritchett & Hull 


Explanations of coronary artery disease, angina pectoris, acute myocardial 
infarction or congestive heart failure can be very confusing to the average 
patient This is why Pritchett S Hull patient education books are so 
important The clear illustrations and concise texts help you explain 
complicated medical conditions. This leaves your patients feeling good 
about themselves and good about you. You can even personalize the 
material by using the ample space throughout each book to write in your 
special instructions about diet, medications or exercise, for example. 
Pritchett & Hull patient education books are for adult patients, and the 
reading level is that of an average, popular magazine. At present, these 
materials are used by hospitals, clinics and private practice physicians 
throughout the U.S. and in many foreign countries. Current titles include: 








MOVING RIGHT ALONG AFTER OPEN HEART th e 


SURGERY 


(Reviews by-pass surgery, valvular surgery, ASD repair) Also available in sensuous 


Spanish. 
HEART ATTACK, WHAT’ S AHEAD? 


. (Discusses AMI from hospitalization to recovery at home) Available in 
Spanish May 1, 1981. 


ANGINA PECTORIS 


(Reviews risk factors for coronary artery disease, use of NTG; mentions 
potential for by-pass surgery) 


-THE SENSUOUS HEART 

"(Guidelines for sex after AMI) 

x A STRONGER PUMP 

: * (Treatment for congestive heart failure explained in terms of rest, 
“diet and medications) 

-HIGH BLOOD PRESSURE REVIEW 


(Fof patients with essential hypertension. Includes information on diet, 
smoking, exercise and relaxation) 


Beef up your patient teaching. WRITE PRITCHETT 
& HULL ASSOCIATES, INC., 2122 Faulkner 
Rd. N.E., Atlanta, Georgia 30324 for our free 
newspaper catalog or order a Sample Pack B of the 

bove 6 books and include a check or money order for 
$18.00 (+ sales tax if a Georgia resident). 


s patient consumes manual o » HEART FAILURE 
















23949343 








JIS 
3933332 


HEART ATTACK 
e» 


( 


What's ahead? 


ANGINA 
PECTORIS 










Pressure 
review 


8⁄2 x11 


HOUICI 1 CASU WEF 





CCHlIICU LOWLOL 4 La 


ace setter Inti re, 








Interrogatabk 





Programalith 6 is 
the full six -parameter 
interrogatable, programmable 
pacemaker. In conjunction with 
the Programmer, Programalith 6 
provides the physician with 

the means for comprehensive 
paced-patient management 
while obviating many common 
reasons for invasive pacing 
system revision. 


Only after you have reached the ultimate in sophistication can you truly simplify. 
This new 6-3-1-0 family of Programalith® Interrogatable™ pacemakers is ideal 
demonstration of that fact. It is the most flexible system ever offered the physician. 
Even the simplest of these four pulse generators offers the all-important Pacesetter 
exclusive: a simple method of calculating years of remaining battery capacity 

as well as an accurate determination of possible problems and their location, 
through measurement by interrogation of lead and heart interface impedance, 


racesetter Syste...s, 







PROGRAMMABLE  - 
. INTERROGATABLE — 
PULSE GENERATOR © 


For less critical 
applications, Programalith 3 
provides the physician with 

the same basic interrogation | 
capabilities as Programalith 6, 

as well as three programming 
functions —pacing rate, pulse 
width and sensitivity — all with 
multiple options. 
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Complete Family c 
' Pacemakers. 























Programalith 1 For simplest applications, 


interrogates and programs a Programalith 0 requires no programming 
single parameter - pacing rate — yet can still be interrogated for all measu: 
allowing the physician to choose data, providing invaluable assistance in 1 
from 12 different options and term patient P 
provides the all-important management. 

. interrogation function 
as well. 


battery impedance and battery current. Part of the 
flexibility of this new system derives from the 4 
complete integration of all units withthe one single = = 
programmer the physician will ever need - o ££ 
the one Pacesetter supplies to you with the first 
mplant of any one of these pacers. 
No wonder they call us Pacesetter. — 


1 Bradley Avenue, Sylmar, CA 91342 USA e (213) 362-6822 e Telex: 698415 (Paceseter 
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THE IMAGE QUALITY IS EVERY THING 
YOU'D EXPECT FROM HEWLETT-PACKARD 


Compact, cart-mounted mobile system is ideal 
for the cardiology lab as well as coronary care 
units. 


Now you can get a full-featured, 
real time, phased array, two-dimen- 
sional scanner that offers mean- 
ingful technological advances 

in almost every area. 

It's the real time scanner for 
echocardiography from Hewlett- 
Packard. Incorporating a small 
64-element array transducer, inno- 
vations in signal processing, micro- 
computer-based circuitry and a 
new digital scan converter, the HP 
system not only provides superior 
image quality, it does it at a price 


Small, lightweight, handheld transducer mini- 
mizes operator fatigue and fits easily in difficult 
locations. 


that compares favorably to con- 
ventional mechanical scanners. 


Superb resolution 
for accurate diagnosis. 


The HP Ultrasound Imaging Sys- 
tem provides extraordinarily high 
resolution images at all depths 
throughout the field of view. Its 
wide aperture, small electronic 
array transducer and automatic 
focusing technique give you ex- 
tremely accurate images — even in 
areas near the transducer and 
deep in- the body. And since the 
entire field of 
view is in focus 
at all times, you 
can see shallow 
as well as deep 
structures in 
the same pic- 
ture. The com- 
pact, light- 
Built-in self-test capa- weight trans- 
tar that crerythieg is ducer fits in 
functioning properly. intercostal 
spaces and en- 

hances the scanning of the heart. 

A new method of digital scan 
conversion elimi- uem 
nates radial scan a ^ u 
lines, moiré pat- ; = 
terns and blocky 
digital artifacts, 
and results in an 
accurate image. 
A total of 30 
shades of gray Sa 

Quantitative analysis 

can be processed, on both the M-mode 
so small varia- and. two-dimensional 
tions in tissue pilsped- by an’ eid: 
density can be tronic cursor. 
distinguished. 

The wide dynamic range of 
the system's circuitry produces a 
sharp image, while reducing back- 
ground noise and clutter. The sys- 
tem's high-resolution, high-speed 
(twice the conventional TV rate) 
display gives you an easy-to-see, 
flicker-free picture that can be 
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taped and replayed on standard 
video equipment. 


Simple, centralized controls 
for easy operation. 


With the HP scanner, you not only 
get superior image quality, you get 
it quickly and easily. All major con- 


M-mode is easily visualized on the same screen 
as the two-dimensional sector. 


trols are logically located in one 
central area. You can scan patient 
after patient with a minimum of 
control adjustments. The HP scan- 
ner even provides a built-in self- 
test capability, so you know that 
everything is functioning properly 


All this and more, for less. 


While the HP scanner delivers ex- 
ceptional image quality and easy 
operation, it doesn't compromise 
features. It offers quantitative anal- 
ysis capabilities, ECG triggering. 
and “freeze-frame.” You can view 
the sector scan and the M-mode 
display on the same screen simul- 
taneously. In addition, the dual 
M-mode display lets you analyze 
two areas of the heart at the 
same time. 

For more information on this 
full-featured, surprisingly afforda- 
ble HP Model 77020A Ultrasound 
Imaging System for echocardiogra- 
phy, call your local Hewlett-Packard 
sales office, or write: Wayne Wager, 
Hewlett-Packard, 175 Wyman 
Street, Waltham, MA 02254. 
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CyberLith IV the small, clinically proven AV 
Sequential pacing system with reliable CyberLith circuitr 


The compact, lightweight, 
CyberLith IV A-V sequential pace- 
maker (Model 259-01) is designed 
to accommodate your patient's 
long term pacing requirements. In 
over 18 months of successful clini- 
cal experience this A-V sequential 
system once again proved the 
reliability of CyberLith circuitry 
and the superiority of its program- 
ming flexibility. 

A-V sequential pacing main- 
tains atrial transport; improving 
hemodynamics and cardiac effi- 
ciency. Regulation of A-V delay 
can also provide superior control 
of certain tachyarrhythmias. 

The CyberLith IV is substan- 
tially smaller than any other A-V 
sequential pacemaker, weighing 
one-third less than its nearest com- 
petitor. Small PolyFlex™ atrial and 
ventricular leads complete the 
CyberLith IV system. Made from 
flexible, durable polyurethane, 


PolyFlex offers superior acute and 
chronic stabilities. 

The multi-programmable 
CyberLith IV offers 15 rates and 15 
pulse width settings in all three 





modes (DVI, VVI, DOO). Any of 
seven sensitivity levels are pro- 
grammable in the two demand 
modes. The standard series 522 
CyberLith Programmer permits 


selective noninvasive program- 
ming over the full range of pro- 
grammable parameters. 

When A-V sequential pacing 
is the optimum solution for your 
patients, choose the best system 
available: CyberL ith IV from 
Intermedics. 

For more information on the 
CyberLith IV A-V sequential pac- 
ing system, contact your nearest 
Intermedics sales representative 
or call us toll free at 800-231-2330 


3 Intermedics Inc 


P.O. Box 617 
Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-23 


Our business is life™ 





Intermedics CyberLith IV—Brief Summary 


INDICATIONS FOR USE: Implantable cardiac 
pulse generators may be indicated for 
long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 


A-V sequential pacing is specifically 
indicated for treatment of conduction 
disorders which require restoration of both rate 
dnd atrio-ventricular synchrony. A-V 


sequential pacing is also indicated for patients 
with extensive myocardial infarction with A-V 
block and sinus bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to the 
use of pacemakers as a medical method for 
control of heart rate. Body rejection 
phenomena, local tissue reaction or skin 
necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have 
been reported. 


PRECAUTIONS: See the “Cautionary Notes” 
section of the Physician’s Manual for the 


Intermedics cardiac pulse generator to 
be implanted. Discussion includes Possible 
Complications, Environmental Hazards 
(electrocautery, diathermy, defibrillation, 
microwave ovens, home appliances, and 
industrial and special environments), and 
Effects of Drugs on Cardiac Pacing. 


CyberLith? is a registered trademark of 
Intermedics, Inc. 

PolyFlex™ is a trademark of Intermedics, | 

©1981 Intermedics, Inc. 


For ventricular arrhythmias. 
For atrial arrhythmias. 


For smooth, trouble-free conversion. 


For steady maintenance. 


rj Greater GI tolerance 
than with quinidine sulfate 
tJ Full quinidine cardiodynamics 
O Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of à broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and perrnits dependable 
absorption of the quinidine.* f 


*Aviado, D. M., Krantz and Catr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY-INDICATIONS: CARDIOQUIN Tablets (quinidine 


polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy Is appropriate; paroxysmal 


ventricular tachye: rdia when not associated with complete heart- . 


block; maintenence therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impuises and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atria! flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
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tenance. An initial dose of 1 to 3 tablets may be used to terminate ; 
arrhythmias, and may be repeated in 3-4 hours. If normas! sinus rythm | 


is not restored after 3 or 4 equal doses, the. dose may be increased © 


by % to 1 tablet (137.5 to 275 mg.) and administered three to four - 


times before any further dosage increase. For maintenance, one 


tablet may be used two to three times a day; generally one tab'c; ` 
morning and night will be adequate. SUPPLIED: Uncoated, scorad 


tablets in bott'ss of 100. 
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